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PREFACE 
The  Commission  of  the  European  Communities,  Directorate-General  for 
Environment,  Nuclear  Safety  and  Civil  Protection  has  commissioned  BKH 
Consulting Engineers to carry out Study Contract B6612-90-006688: 
Updating of data concerning the impact on the aquatic environment of 
certain dangerous substances, 2nd part: benzenes. 
The study  deals with  the following  dangerous  substances which  belong or should 
belong to List I of Directive 76/464/EEC: 
benzene (7) 
ethylbenzene (79) 
isopropylbenzene (87) 
chlorobenzene (20, 53, 54, 55, 109, 117, 118) 
chloronitrobenzene (27, 28, 29, 30, 63) 
chloroanilines (17, 18, 19, 52) 
The study  updates information  on  the description  of the substances,  the level of 
contamination of the aquatic environment, the persistence of the substances in the 
aquatic environment and other media,  the toxicity (mainly in the aquatic environ-
ment)  and  bioaccumulation.  On  the  basis  of the  available  data,  water  quality 
standards are proposed. 
The study is presented in four parts: 
Part I  Benzene, ethylbenzene and isopropylbenzene 
Part II  Chlorinated benzenes 
Part ill  Chloronitrobenzenes and 4-chloro-2-nitroaniline 
Part IV  Chloroanilines 
The study  has been carried  out by  F.  Balk,  P.C.  Okkerman,  M.  Hof, A.  van  de 
Bovekamp and J.W. Dogger. Critical remarks of J. Blok were greatly appreciated. - 11  -
SUMMARY 
The  impact  of  benzene,  ethylbenzene  and  isopropylbenzene  on  the  aquatic 
environment  is  evaluated  in  order  to  provide  a  toxicological  basis  to  derive  a 
proposal  for  water  quality  criteria.  This  evaluation  is  an  update  of two  earlier 
reports to EC (Persoone and Vanhaecke, 1982 and Chambon, 1984). 
Data on physical and chemical properties, degradability, toxicity, chemical detection 
and environmental concentrations have been reviewed. The availability of data on 
the different subjects is summarized in Table i. 
Benzene,  ethylbenzene  and  isopropylbenzene  are  widely  used  for  a  variety  of 
products  in  the  chemical  industry;  they  may  be  used  as  solvents;  benzene and 
isopropylbenzene are components of gasoline. 
Total production in the EC in  1987 of benzene, ethylbenzene and isopropylbenzene 
is estimated at >440* 103,  2900* 10
3 and  < 1370* 10
3 tons/year, respectively. 
Benzenes can be chemically analyzed by  infrared spectroscopy and by gas chroma-
tography. Generally the substances are detected by GC-MS or GC-FID. Detection 
limits depend on the technique and on  the complexity of the sample, but may be 
less than 1 ng/1. 
Recent  data  on  measured  concentrations  in  air,  water  and  soil  are  lacking. 
Common  concentration  of  benzene  in  river  water  were  0.2  to  3  J.Lg/1.  Mean 
concentrations of ethylbenzene in  the  river  Rhine were 0.3  1-1g/l  with  peaks to 2 
1-1g/l.  Concentrations in  contaminated areas may rise to  >  5 mg/kg soil or to  >  5 
1-1g/l  in groundwater. 
As·the log ~w  is low,  accumulation on sediment and in animal tissue is low, . The 
bioconcentration factor of benzene for Daphnia pulex is 200  and for fish  < 10.  The 
chemical reactivity of benzenes in  the aquatic environment is low,  due to the high 
stability of the benzene ring system. Benzene and isopropylbenzene are classified as 
readily  biodegradable  and  also  ethylbenzene  is  completely  biodegradable  under 
aerobic conditions.  Biodegradation is  an important route of elimination from the 
aquatic system. 
Another  important  route of elimination  is  volatilization.  Calculated  half-lives  for 
volatilization from a "standard water system" were less than 6 hours. In air they will 
degrade rapidly by indirect photolysis with  radicals. 
Aquatic toxicity  data for benzene shows  a  large variation, with  as extremes acute 
LC50  of 5.3 and 420 mg/1 for two  fish  species. The reproducibility of test results is 
low:  the LC50  in  two tests with Daphnia pulex differed by a factor 20. The variability 
in  test  results  may  be  due,  at  least  partly,  to  the  high  volatility  of  benzene. 
Information on chronic toxicity is lacking. Studies on early life stages of two marine 
species showed that embryo development was affected already at 0.05 mg/1. 
The acute  toxicity  of ethylbenzene  is  comparable  to  the  toxicity  of benzene.  No 
chronic toxicity studies were found. 
Toxicity data for isopropyl are limited to a mollusc and two crustacean species. The 
same variability in  test results is  observed and the toxicity seems to be comparable 
to the toxicity of ethylbenzene. QSAR estimations of the toxicity  based on log Kow 
did not predict the toxicity of ethylbenzene very well, and therefore the QSAR was 
not  considered  to  be  sufficiently  reliable  to  estimate  the  toxicity  of 
isopropylhenzene. - Ill  -
The NOECecosystem  was estimated by  the modified EPA method:  the lowest NOEC 
for  benzene was  divided  by  10  to arrive at a  maximum  tolerable concentration of 
0.005  mg/1.  The toxic  effects  of benzene,  ethylbenzene and  isopropylbenzene are 
expected  to  be additive. Therefore a water quality criterion of 5  J.Lg/1  is  proposed 
for  the sum  of the  three benzenes.  This  level  comes close  to  the environmental 
levels cited in  the earlier reports as "not uncommon" in river water for benzene and 
ethylbenzene. 
Standards proposed by  the USA and Canada for  benzene and  ethylbenzene range 
between  2.4  and  5  J.Lg/1  and  are  comparable  with  the  proposed  water  quality 
standards (5  J.Lg/1). 
Data on mammalian toxicity are incomplete. A tentative "Tolerable Daily Intake" of 
170  J.Lg/kg  body  weight/day  was  proposed  for  benzene  and  136 · J.Lg/kg  body 
weight/day for ethylbenzene. Benzene is considered to have genotoxic properties; it 
shows carcinogenic activity in  man. For ethylbenzene and isopropylbenzene no data 
are available. 
Based on the proposed water quality standard of 5  J.Lg/1  a maximum daily intake by 
man  is  estimated  at  0.33  J.Lg/kg  bodyweight/day,  which  is  far  below  the  above 
mentioned tolerable daily intake levels. - IV-
Table i  Information available for benzene, ethylbenzene and isopropylbenzene on 
the different subjects. 
Subject:  BENZENE  ETHYL-BENZENE  ISOPROPYL-BENZENE 
1.  PHYSICO-CHEMICAL  CHARACTERISTICS  +  +  + 
Production  levels  +  +  + 
2.  ANALYTICAL  DETECTION  TECHNIQUES 
Detection methods  +  +  + 
Detection  levels  +  +  + 
3.  ENVIRONMENTAL  LEVELS 
Residues  in  the atmosphere  :!  :! 
Residues  in soil  and  groundwater  +·+  _,_  -;- I 
Residues  in surface water  and  sediment  +·- _  ,  +·+  _, _  -;-
Residues  in aquatic organisms  + 
Residues  in terrestrial organisms 
4.  PERSISTENCE  AND  DEGRADATION  PATHUAYS 
Abiotic degradation  :!  :!  :! 
Biological  degradation and  metabolism  +  +  + 
5.  DISTRIBUTION  BETUEEN  ENVIRONMENTAL  COMPARTMENTS 
Volatization  +  +  + 
Sorption  +  +  + 
Bioaccunulation: 
Aquatic  organisms  + 
Terrestrial  organisms 
Biomagnification  +  :!  ! 
6.  TOXICITY 
Aquatic  toxicity: 
Acute  toxicity (freshwater;  marine)  +·+  ,_  +;+  +·+  _,_ 
Chronic  toxicity (freshwater;  marine)  -;- .  -;-
Quantitative structure activity relations (QSARs)  +  +  + 
Toxicity to terrestrial organisms 
(semi)field studies 
Toxicity to mammals  (acute;  chronic)  +·+  ,_  +·+  ·-
+·+  ,_ 
Carcinogenic,  mutagenic  and  teratogenic effects  +·+·- ,_,  -;-;- -;-;-
+  data available 
!  insufficient data available 
- no  data available - v-
ZUSAMMENFASSUNG 
Die  Wirkung  von  Benzol,  Ethylbenzol  und  Isopropylbenzol  auf  die  aquatische 
Umwelt  wurde  ermittelt  mit  der  Absicht  eine  toxikologische  Grundlage  zu 
beschaffen auf welcher ein Vorschlag fur WasserqualiUitskriterien abgeleitet werden 
konnte. 
Dieser Studie stellt  eine Aufwertung dar von  zwei  friiheren  Berichten an die EG 
(Persoone und Vanhaecke,  1982  und Chambon,  1984). Werte beziiglich physischen 
und  chemischen  Eigenschaften,  Abbaubarkeit,  ToxiziHit,  chemischer 
Determinierung und Umweltkonzentrationen wurden untersucht. In Tafel i sind die 
Ergebnissen dargestellt tiber die verfiigbare Daten der verschiedenen Gegenstande. 
Benzol,  Ethylbenzol und  Isopropylbenzol finden  eine breite Anwendung fur einen 
Vielfalt von  Produkten der chemischen Industrie; sie konnen verwendet werden als· 
LOsungsmittel;  Benzol,  Ethylbenzol  und  Isopropylbenzol  sind  Komponenten  von 
Benzin. Die totale Produktion von Benzol, Ethylbenzol und lsopropylbenzol in  der 
EG wird eingseschatzt auf >440*103,  2900*103 und 1370*1Ql Tonne/Jahr in  1987. 
Benzole  konnen  chemisch  analysiert  werden  mittels  Infrarot-Spektroskopie  und 
durch  Gaschromatografie.  Im Allgemeinen werden die Stoffen determiniert durch 
GC-MS oder GC-FID. 
Die Determinierungsgrenzwerte sind abhangig von der Anwendungstechnik und von 
der Komplexizitat des Probemusters, konnen aber weniger als 1 ng/L betragen. 
Rezente  Werte  von  gemessenen  Konzentrationen  in  Luft,  Wasser  und  Boden 
fehlen. 
Ubliche  Konzentrationen  von  Benzol  in  Flusswassern  betrugen  0,2  bis  3  11g/L 
Mittlere  Konzentrationswerte  von  Ethylbenzol  im  Rhein  betrugen  0,3  11g/L  mit 
Hachstwerten  bis  2  11g/L.  Die  Konzentrationen  in  verunreinigten  Gegenden 
konnen ansteigen bis  > 5 mg/Kg in Boden oder bis > 5 J.Lg/L im Grundwasser. 
Akkumulation an Sedimenten und in tierischen Geweben ist niedrig, da die log Kaw 
niedrig ist. 
Der Biokonzentrationsfaktor von Benzol bezogen auf Daphnia pulex ist 200 und fur 
Fische  <  10.  Die chemische reaktivierung von  Benzole in  der aquatischen Umwelt 
ist niedrig wegen der hohen Stabilitat des Benzol-Ringsystems. 
Benzol  und  Isopropylbenzol  sind  klassifiziert  als  einfach  biologisch Abbaubar und 
auch Ethylbenzol ist vollstandig biologisch abbaubar unter aeroben Verhaltnissen. 
Biologische Abbaubarkeit ist  eine wichtige  Beseitigungsweise aus dem aquatischen 
System. 
Eine andere wichtige  Beseitigungsweise  ist  Verfliichtigung.  Berechnete Halbwerte 
durch Verfliichtigung aus ein "standarisiertes Wassersystem" wurden in weniger als 
sechs Stunden erreicht. 
An  der  Luft  werden  sie  schnellstens  abgebaut  durch  indirekte  Photolyse  mit 
Radikalen. 
Die Streuung von  aquatischen Toxizitatswerten fur  Benzol variiert bedeutend, mit 
akuten  LC50  zwischen  5,3  und  420  mg/L  fur  zwei  Fischarten  als  ausserste 
Grenzwerte.  Die  Reproduzierbarkeit der Versuchsergebnissen  ist  gering:  die LC50 
bei zwei  Versuchen an Daphnia pulex unterschieden sich mit einem Faktor 20. 
Die Variationen der Versuchsresultate konnten moglicherweise zum Teil zuriickzu-
fiihren sein auf der hohen Yerfliichtigungsgrad von  Benzol. -vi -
Fakten iiber chronische Toxizitat  fehlen.  Untersuchungen  an friihe  Lebensstadien 
von  zwei  Marinearten zeigten,  daB  die embryonale Entwicklung schon  beeinflusst 
wurde bei 0,05 mg/L. 
Die akute ToxiziHit von  Ethylbenzol  ist vergleichbar mit der Toxizitat von Benzol. 
Es wurden keine Untersuchungsergebnisse tiber chronischer ToxiziHit gefunden. 
Toxikologische Werte tiber Isopropyl sind beschdinkt auf eine Molluscart und zwei 
Krustazaenarten.  Die  gleichen  Variationen  in  den  Versuchsergebnissen  wurden 
festgestellt  und  die  Toxizitat  scheint  vergleichbar  zu  sein  mit  der Toxizitat  von 
Ethylbenzol. 
QSAR-Einschatzungen der ToxiziHit begriindet auf log Kow ergaben keine deutliche 
Prognose der ToxiziHit von Ethylbenzol; deswegen wurde der QSAR nicht als aus-
reichend zuverHissig betrachtet urn die Toxizitat von Isopropylbenzol einzuschatzen. 
Das  NOECEcosystem  wurde  eingeschatzt  durch  die  angepasste  EPA-Methode;  die 
niedrigste  NOEC  ftir  Benzol  wurde  durch  10  geteilt  urn  auf  eine  maximal 
akzeptabele Konzentration von 0,005 mg/L zu gelangen. 
Die  toxischen  Effekten  durch  Benzol,  Ethylbenzol  und  Isopropylbenzol  sind 
erwartungsgemaB additiv. Deswegen wird  ein Wasserqualitatskriterium von 5  ~tg/L 
vorgeschlagen  als  die Summe der drei Benzole.  Dieses Niveau  befindet sich  nahe 
an den Umweltniveaus welche in  friiheren Berichten als "nicht ausserordentlich" in 
Flusswassern fiir Benzol und Ethylbenzol genannt wurden.  ' 
Das  Wasserqualitatskriterium  in  den  USA  und  in  Canada  fiir  Benzol  und 
Ethylbenzol  varieren  zwischen  2,4  und  5  l!g/L  und  sind  vergleichbar  mit  dem 
vorgeslagenen Wasserqualitatskriterium (5  llg/L). 
Toxizitatswerte  iiber  Saugetiere  sind  unvollstandig.  Eine  vorlaufige  "akzeptabele 
tagliche  Einnahme"  von  170  J.Lg/Kg  Korpergewicht/Tag wurde  vorgeschlagen  ftir 
Benzol und 136  l!g/Kg Korpergewicht/Tag fiir Ethylbenzol. 
Benzol  wird  betrachtet  genotoxische  Eigenschaften  zu  enthalten  und  deutet  auf 
karzinogenische Aktivitaten an Menschen. 
Ftir Ethylbenzol und Isopropylbenzol sind keine Werten verfiigbar. 
Ausgehend vom  vorgeschlagenen  Wasserqualitatskriterium von  5  l!g/L wurde die 
maximale  taglich  durch  Menschen  aufzunehmende  Menge  eingeschatzt  auf 0,33 
~tg/Kg  Korpergewicht/Tag,  welcher  Wert  weit  niedriger  ist  als  die  vorher 
genannten akzeptabelen taglichen Einnahmeniveaus. - vu-
RESUME 
L'effet du benzene, de l'ethylbenzene et de l'isopropylbenzene sur l'environnement 
aquatique a  ete evalue  afin  de fournir  une base toxicologique  d'une proposition 
concernant les criteres de qualite de l'eau.  Cette evaluation est un supplement a 
deux  rapports  precedents  pour  Ia  CEE  (Persoone  en  Van  Haecke,  1982  et 
Chambon, 1984). On a rassemble de !'information sur leurs proprietes physiques et 
chimiques, Ia  degradabilite, Ia  toxicite, Ia  detection chimique et les concentrations 
dans  l'environnement.  Le  tableau  i  comprend  un  aper~u de  Ia  disponibilite  de 
donnees concernant ces sujets. 
On  utilise  largement  le  benzene,  l'ethylbenzene  et  l'isopropylbenzene  dans 
l'industrie chimique. lis sont utilises comme dissolvants et le benzene et !'isopropyl-
benzene sont des composants d'essence. 
La  production  estimee  en  1987  dans  Ia  CEE  de  benzene,  d'ethylbenzene  et 
d'isopropylbenzene fut  respectivement  >  440  *  103,  2900  *  103  et  <  1370  *  t()l 
tonnes/an. 
Les benzenes peuvent etre analyses par spectroscopie infrarouge et par CG. Les 
methodes de d~tection d'usage sont Ia  CG-spectrometrie de masse ou CO-detection 
a ionisateur de flamme. Les limites de detection dependent de Ia  technique utilisee 
et de Ia composition de l'echantillon, mais elles peuvent etre en-dessous de 1 ng/1. 
Des donnees de mesures recentes sur les concentrations dans l'air, dans les eaux de 
surface et dans les sediments nous manquent. 
Des concentrations habituelles de benzenes dans les eaux fluviales  etaient de 0,2 
jusqu'a 3  J.Lg/1.  Des concentrations moyennes d'ethylbenzenes dans le Rhin etaient 
de  0,3  J.Lg/1  avec  pointes  jusqu'a  2  J.Lg/1.  Dans  des  regions  polluees  les 
concentrations dans Ia  terre peuvent etre > 5 mg/kg ou dans les eaux souterraines 
> 5 J.Lg/1. 
Comme log Kow  est bas, accumulation en sediments et en tissu animal est minime. 
Le facteur de bioconcentration de benzenes pour le Daphnia pulex est 200 et pour 
le  poisson  <  10.  La  reactivite  chimique  de  benzenes  dans  l'environnement 
aquatique est petite a  cause de Ia grande stabilite du systeme du cercle benzenique. 
Le benzene et l'isopropylbenzene ont ete classifies comme aisement biodegradables 
tandis que l'ethylbenzene est aussi completement biodegradable dans de conditions 
aerobies.  La  degradation  biologique  est  un  procede  d'elimination  d'importance 
dans le systeme aquatique. 
Un  autre  procede  d'elimination  important  est  Ia  volatilisation.  La  duree  de 
reduction de moitie qu'on a calcules pour Ia  volatilisation d'un "systeme aquatique 
standard" est moins de 6 heures. Dans l'air les combinaisons se degradent vite par 
moyen de fotolyse indirecte aux radicaux. 
Les donnees sur la  toxicite  aquatique des benzenes montrent une variation large 
avec  une valeur ultime de CLs0  pour deux  especes de poisson de 5,3  et 420 mg/1 
respectivement.  La  reproductibilite  des  resultats  des  tests  est  minime:  deux 
epreuves avec le Daphnia pulex donnaient des valeurs de CLs0 qui differaient d'une 
facteur de 20 l'une de l'autre. - Vlll -
Le manque de conformite entre les resultats peut etre explique, au mains partielle-
ment, par Ia grande volatilite du benzene. 
L'information  sur  Ia  toxicite  chronique  fait  defaut.  Des  etudes  de  phases  de 
croissance de deux  especes marines ont montre que le developpement embryonal 
fut influence deja a un niveau de concentration de 0,05 mg/1. 
La toxicite acute d'ethylbenzene est comparable a celle de benzene.  Nous n'avons 
pas trouve de recherches sur Ia  toxicite chronique. 
Des donnees de la  toxicite d'isopropylbenzene sont limitees a celles d'une moule et 
de deux  especes de crustaces.  Elles  montrent la  meme variabilite de resultats des 
tests et la toxicite semble etre comparable a  celle d'ethylbenzene. 
Des  estimations  de la  toxicite  d'ethylbenzene  par Ia  Relation  Quantitative  de Ia 
Structure et l'Activite  (RQSA),  basees sur log  Kowt  ne predirent pas tres bien  Ia 
realite; c'est pourquoi le RQSA ne fut pas considere comme suffisamment fiable de 
estimer Ia  toxicite d'isopropylbenzene. 
NOECccosysteme  a ete evalue par la  methode d'EPA modifiee:  le  NOEC le plus bas 
pour  le  benzene  fut  divise  par  dix  ce  qui  eut  pour  resultat  une  concentration 
acceptable au maximum de 0,005  mg/1.  On s'attend a ce que les effets de benzene, 
d'ethylbenzene  et  d'isopropylbenzene  soient  additifs.  C'est  pourquoi  on  propose 
une  norme  de  qualite  aquatique  de 5  ~g/1 pour !'ensemble  des  trois  benzenes. 
Cette norme approche celle dont des rapports precedents mentionnent qu'elles ne 
sont pas singulieres pour le benzene et l'ethylbenzene dans les eaux fluviales. 
Les normes proposees par les Etats-Unis et le Canada pour le benzene et !'ethyl-
benzene varient entre 2,4  et 5  ~g/1 et elles sont comparables a Ia  norme proposee 
pour Ia qualite aquatique (5  ~g/1). 
Les  donnees  sur  Ia  toxicite  pour  les  mammiferes  sont  incompletes.  Une  "prise 
acceptable  par jour"  provisoire  de  170  ~g/kg poids/jour a  ete proposee pour le 
benzene  et  de  136  ~g/kg poids/jour  pour  l'ethylbenzene.  On  presume  que  le 
benzene ait des proprietes genotoxiques; il est cancerogene pour l'homme. 
On ne dispose pas de donnees sur l'ethylbenzene et l'isopropylbenzene. 
Si  l'on  se base  sur  Ia  norme  de  qualite  aquatique  proposee  de 5  ~g/1 Ia  prise 
maximale par jour pour l'homme sera estimee a  0,33  J.Lg/kg  poidsfjour ce qui est 
beaucoup plus bas que les normes citees ci-dessus pour Ia prise acceptable par jour. - ix-
SAMENV  A  TTING 
Het effect van benzeen, ethylbenzeen en isopropylbenzeen op het aquatisch milieu 
is  geevalueerd  om een toxicologische  basis  te verschaffen  aan  een voorstel voor 
waterkwaliteitsnormen.  Deze  evaluatie  vormt  een  aanvulling  op  twee  eerdere 
rapporten voor de EEG (Persoone en Vanhaecke, 1982 en Chambon, 1984). 
Informatie  is  verzameld  aangaande  hun  fysische  en  chemische  eigenschappen, 
afbreekbaarheid, toxiciteit, chemische detectie en concentraties in het milieu. Tabel 
i bevat een overzicht van de beschikbaarheid van gegevens over deze onderwerpen. 
Benzeen,  ethylbenzeen  en  isopropylbenzeen  vinden  uitgebreide  toepassing  in  de 
chemische  industrie.  Ze  worden  gebruikt  als  oplosmiddel,  en  benzeen  en 
isopropylbenzeen zijn bestanddelen van benzine. 
De geschatte  totale  produktie  in  1987  in  de  EO van  benzeen,  ethylbenzeen  en 
isopropylbenzeen was respectievelijk >440•103,  2900*1@, en < 1370*1()3 tonfjaar. 
Benzenen  kunnen  chemisch  geanalyseerd  worden  met  infraroodspectroscopie  en 
gaschromatografie.  Gebruikelijke  detectiemethoden  zijn  GC-MS  of  GC-FID. 
Detectiegrenzen hangen af van de gevolgde  techniek en van  de samenstelling van 
bet monster, maar kunnen lager liggen dan 1 ng/1. 
Recente  meetgegevens  over  concentraties  in  Iucht,  water  en  bodem  ontbreken. 
Gangbare  concentraties  van  benzeen  in  rivierwater  waren  0,2  tot  3  l£g/l. 
Gemiddelde concentraties van ethylbenzeen in  de Rijn waren 0,3  llg/1  met pieken 
tot 2 llg/1. In verontreinigde gebieden kunnen de concentraties in de grand oplopen 
tot > 5 mg/kg en in grondwater tot > 5 J.Lg/1. 
Accumulatie  in  sediment  en  in  dierlijk  weefsel  is  gering:  log  Kow  is  laag.  De 
bioconcentratiefactor van benzeen voor Daphnia pulex is 200 en voor vis  < 10.  De 
chemische reactiviteit  van  benzenen  in  bet aquatisch  milieu  is  klein vanwege  de 
grate  stabiliteit van  het  benzeenring systeem.  Benzeen  en  isopropylbenzeen  zijn 
geclassificeerd als goed biologisch  atbreekbaar, terwijl onder aerobe condities ook 
ethylbenzeen  volledig  biologisch  atbreekbaar  is.  Biologische  atbraak  is  een 
belangrijk eliminatieproces in het aquatisch systeem. 
Een ander belangrijk eliminatieproces is veiVluchtiging. Berekende halfwaardetijden 
voor vervluchtiging uit een "standaard watersysteem" liggen lager dan 6 uur. In de 
Iucht breken de verbindingen snel af via indirecte fotolyse met radicalen. 
Aquatische toxiciteits gegevens voor benzenen vertonen grote verschillen,  met als 
uiterste waarden een acute LC50 voor twee vissoorten van respectievelijk 5,3 en 420 
mg/1.  De reproduceerbaarheid  van  de  testresultaten  is  laag:  twee  proeven  met 
Daphnia pulex leverden LC50 waarden op die een factor 20 verschilden. 
Het  gebrek  aan  overeenkomst  tussen  testresultaten  kan  tenminste  gedeeltelijk 
verklaard  worden  door  de  grote  vluchtigheid  van  benzeen.  Informatie  over 
chronische toxiciteit  ontbreekt.  Onderzoek aan twee zeewater soorten lieten zien 
dat  de ontwikkeling van  het embryo  al  werd  be1nvloed  bij  concentraties van  0,05 
mg/1. 
De acute toxiciteit van ethylbenzeen is vergelijkbaar met die van benzeen. Er zijn 
geen onderzoeken naar chronische toxiciteit gevonden. 
Toxiciteitsgegevens  voor  isopropylbenzeen  zijn  beperkt  tot  een  mossel  en  twee 
kreeftachtigen. Ze Iaten  een zelfde spreiding in  testresultaten zien en de toxiciteit 
lijkt  vergelijkbaar  met  die  van  ethylbenzeen.  QSAR schattingen  van  de toxiciteit 
van ethylbenzeen, gebaseerd op de log  Kow•  gaven geen erg goede voorspelling van - X -
de werkelijkheid; de QSAR werd daarom niet voldoende betrouwbaar geacht voor 
een toxiciteitsschatting van isopropylbenzeen. 
De  NOECecosysteem  is  geschat  met  behulp  van  de  gewijzigde  EPA  methode:  de 
laagste  NOEC  voor  benzeen  werd  door  tien  gedeeld  wat  resulteerde  in  een 
maximum  aanvaardbare  concentratie  van  0,005  mg/1.  De  effecten  van  benzeen, 
ethylbenzeen  en  isopropylbenzeen  zijn  naar verwachting  additief.  Daarom wordt 
een  waterkwaliteitsnorm  voorgesteld  van  5  J.Lg/1  voor  de  drie  benzenen  samen. 
Deze concentratie benadert  die  waarvan  eerdere rapporten  meldden  dat ze "niet 
ongebruikelijk" zijn voor benzeen en ethy1benzeen in  rivierwater. 
Normen die door de VS  en  Canada zijn voorgesteld voor benzeen en ethylbenzeen 
varieren  tussen  2,4  en 5  J.Lg/1  en  zijn  vergelijkbaar  met  de voorgestelde  water-
kwaliteitsnorm (5  J.Lg/1). 
Gegevens  over  de  toxiciteit  bij  zoogdieren  zijn  onvolledig.  Een  voorlopige 
"Aanvaardbare  Dagelijkse  Inname"  van  170  J.Lg/kg  lichaamsgewicht/dag  was 
voorgeste1d  voor  benzeen  en  136  J.Lg/kg  Iichaamsgewicht/dag  voor  ethy1benzeen. 
Van benzeen wordt aangenomen dat het genotoxische eigenschappen heeft;  het is 
bij  de mens  kankerverwekkend.  Voor ethylbenzeen  en  isopropylbenzeen zijn  geen 
gegevens beschikbaar. 
Uitgaande van de voorgeste1de waterkwaliteits norm van 5 Jlg/1 wordt de maximum 
dage1ijkse inname door de mens geschat op 0,33  Jlg/kg lichaamsgewicht/dag. Dit is 
ver  beneden  de  hierboven  genoemde  waarden  voor  de  aanvaardbare  dagelijkse 
in name. - Xl  -
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1  DESCRIPTION 
Benzene is  used as an additive to gasoline and as an intermediate in  the synthesis 
of styrene,  synthetic  rubber,  phenol,  cyclohexane,  detergents,  plastics  and  resins, 
nylon  and  pesticides.  It  is  used  as  a  thinner  for  lacquers  and  paints  and  as  a 
degreasing and  cleaning agent.  Benzene is also  used  in  dyes,  coatings,  explosives, 
flavours and perfumes, photographic chemicals and food processing. 
Ethylbenzene is used in the manufacture of styrene and acetophenone, as a solvent 
in  the chemical,  paint  and  rubber  industr~es. It is  also  used  as  a  constituent  of 
asphalt and naphtha. 
Isopropylbenzene  is  used  as  a  high  octane gasoline  component;  it  is  used  as  a 
thinner  for  paints  and  lacquers  and  it  is  an  important  intermediate  in  phenol 
manufacture (Sittig, 1981). 
1.1  Identification 
benzene 
List I Dir. 76/464/EEC 
EINECS-no. 
CAS no. 
Synonyms: 
Molecular formula: 
Structural formula: 
WLN formula: 
ethylbenzene 
7 
2007537 
71-43-2 
benzeen 
benzol 
R 
List I Dir. 76/464/EEC  79 
EINECS-no.  2028494 
CAS no.  100-41-4 
Synonyms: 
Molecular formula: 
Structural formula: 
WLN formula: 
ethylbenzeen 
ethylbenzol 
R2 1.2 
1.3 
- 2-
isopropylbenzene 
List I Dir. 76/464/EEC  87 
EINECS-no.  2027045 
CAS no.  98-82-8 
Synonyms: 
Molecular formula: 
Structural formula: 
WLN formula: 
isopropylbenzeen 
isopropylbenzol 
RYl&l 
Physicochemical characteristics 
Benzene 
mol weight  78.12 
melting point (° C)  5.51 
boiling point (° C)  80.093 
density (20° /4°)  0.8794 
vapour pressure (  mm Hg)  75 (20°C) 
water solubility (20° C) mg/1  1780  t) 
volatilization half-life
2>  5.03 
"  "  4.81 
Log~  2.19  3) 
1) Keuning and Janssen, 1987. 
2) De Bruin, 1985. 
3) De Bruijn, 1991. 
Production levels 
Ethylbenzene  Isopropylbenzene 
106.18  120.21 
-94.9  -96.0 
136.2  152 
0.8669  0.864 
10 (25.9°C)  10 mm (38.3°C) 
152  50 
3.1  5.79 
3.15  3.66 
Production  levels  of  benzene,  ethylbenzene  and  isopropylbenzene  in  EC  are 
presented in Table 1.1., derived from EURECO {1990). - 3 -
Table 1.1  Production levels of benzene, ethylbenzene and isopropylbenzene in  EC countries 
Country  Ca~cit~ in  tl~ * actual  ~roduction  Producer 
Benzene  Ethyl benzene  I soprop. benz. 
Belgilll'l  130000  y90  [1)  Finaneste  NV  (Antwerp) 
50000  y90  [1]  SA  Soper  NV  CZelzate) 
480000  y90  [1)  BASF  (Antwerp) 
Denmark 
France  330000  y83  [2,3]  260000  (y87)  [2]  CDF  Chi•ie (Carling) 
58000*  y90  [1)  BP  Chemical  CLaverna> 
150000  ( y87)  (2]  280000  (y87)  [2]  Atoehem  SA  CGonfreville) 
70000  (y87)  (2]  CFR  (Gronfreville) 
110000  y83  [3]  Elf Aquitaine  (freyzin) 
6000  (y87)  [2]  Elf  CAquitaine  Lacq) 
120000  ( y87)  [2]  Progelec  CLe-Pont-de-Claix) 
150000  (y87)  [2]  Rh6ne-Poulenc  (Roussillon> 
FRG  (Germany)  110000  y83  (3]  Deutsche Marathon  CBurghausen) 
296000  y90  [1]  VEBA  Oel  AG  (Gelsenkirchen) 
220000  y90  [1)  Redestillationgemeinschaft 
(Gelsenkirchen) 
200000  y90  [1]  EC  Erdoelchemie  GmbH  CKoeln) 
430000  y90  (11  Deutsche Shell  Chemie  GmbH 
(Godorf) 
195000  y90  [1]  RWE·DEA  AG  (Wesseling  + 
Heide) 
10000  y90  [1]  RWE-DEA  AG  (Heide) 
1'11000  y90  [1)  BASF  AG  CLudwigshafden) 
+  [1]  Huls  AG  (Marl) 
340000*  y90  [1]  VEBA  Oel  (Gelsenkirchen) 
Greece 
Ireland 
Italy  750000  y90  [1)  Enmont-Praoil  CPrioli+Gela+Porto 
Torres) 
170000  ( y87)  £21  Saras  (Sarroch) 
800  y83  [3]  IPP  (Shell)  (Rho) 
350000  y90  [1)  Enimont  Hontedipe  SpA  (Hontava) 
40000  (y87)  [2]  Selm·Societa E.  Hontedison 
(Sarroch) 
110000  (y90)  [1]  Errnont-Praoil  (Prioli  + Sarroeh) 
710000  y90  [1]  Ennont·Praoil  CPrioli  +Porto 
Terres) 
Luxemburg 
Netherlands  815000  (y87)  [2,3)  875000  (y87)  (2]  24000  (y87)  [2]  Dow  Chemical  BV  (Terneuzen) 
285000  y83  (3)  Exxon  Chemical  Holland 
(Rotterdam) 
150000  (y87)  [3,4]  OSM  NV  (Geleen) 
375000  (y87)  [21  Shell  Nederland  BV  (Moerdijk) 
Portugal  50000  y83  £2]  Petrogal  (Porto) 
+  [2)  C~nihia Nacional  de 
Petroquimica  (Sines) 
Spain  80000  y90  [1]  Ertoil  (Huelva) 
95000  y90  [1]  CEPSA  CAlgericas) 
80000  y90  [1]  Repsol  Petroleo SA  (Puertollano) 
15000  y90  [1]  Ensidesa  (Avilas) 
1~0000  y90  [2]  Repsol  Quimica  SA  (Puertollano) 
170000  y90  [1]  Ertisa (Huelva) 
United  Kingdom  500000  y90  t.U  32000  y90  [1 l  150000  y90  [1)  lCI  (River  Tees) 
450000  y83  t2.,l~  Shell  (Blessmere  Port) 
145000*  y90  tU  BP  (Grangemouth,  Wilson) 
170000  y9Q  [1l  Continental  Oi l/Conoco 
(lamingham) 
Total  production 
EC  >4400000  (y87)  £2]  Jf/00000  (y87)  [21  <  1370000  (y87)  [2] 
Total  Use  EC  6400000  y84  £5~ 
1  Information obtained  from  industry <Eureco,  1990) 
2 Water  Research  Centre  (1987) 
3  IOET·CEGOS  (1983) 
4  WHO,  1983 
5  Gesellschaft Deutscher  Chemiker  (1988) - 4-
2  ANALITICAL DETECTION CHARACTERISTICS 
2.1  Description of the detection methods 
In the previous evaluation on benzene for the EC, Persoone and Vanhaecke (1982) 
did not report detection methods for benzene. 
In another evaluation on ethylbenzene and isopropylbenzene for the EC, Chambon 
(1984)  reported on  the detection  methods of ethylbenzene and  isopropylbenzene 
and other aromatic hydrocarbons. Analytical methods are: 
- ~as chromatography (GC) 
- headspace  method:  detection  with  photo-ionization  detector  (PID  ),  flame 
ionization detector (FID) or mass spectrometry (MS) 
detection limit: 0.1  to 1 J,Lg/1 
- direct adsorption: onto a solid phase (e.g. XAD-2 or XAD-7); detection with FID 
or MS 
detection limit: a few ng to 15  mg/1 
- solvent extraction: with e.g. freon, hexane, methylene chloride or pentane 
detection limits:  1 ng/1 to 50  J.Lg/1 
- infrared spectroscopy (I.R.) 
- e.g. extraction with freon 
detection limit: 4 to 40 mg/1 
Detection in air: 
A low level can be detected by filtration of air on charcoal followed by elution with 
carbon disulphide and detection by GC. 
Detection in soil: 
First, the soil  is  mixed  with  freon;  after separation the freon  is  distilled  at 70° C. 
The residue is dissolved in carbon disulphide. Detection by GC or IR. 
Detection in fish: 
A  mixed  fish  sample is  vacuum  distilled. The volatile substances are trapped on a 
column  which  is  thermally  desorbed.  Volatile  substances  are  sent  onto  a  GC 
capillary column. 
Detection in water: 
The EPA method 602  for purgeable aromates (EPA, 1984)  describes a  purge-and-
trap chromatographic  technique  for  benzene, chlorobenzene,  1,2-dichlorobenzene, 
1,3-dichlorobenzene,  1,4-dichlorobenzene,  ethylbenzene  and  toluene  in  6  types of 
water: distilled water, drinking water, surface water, and 3 types of waste water. An 
inert  gas  is  purged  through  a  contaminated water  sample  in  a  chamber with  a 
special  temperature.  Subsequently  the  aromates  are  transferred  to  the  vapour 
phase and are trapped in  a  sorbent  trap. After purging is  completed,  the trap is 
heated  and  backflushed  with  the  inert  gas  to  desorb  the  aromates  onto  a  gas 
chromatographic column.  The  gas  chromatograph  is  temperature-programmed to 
separate the aromates which are detected with a photo-ionization detector. 
The analytical conditions are: 
- temperature-programme: 50°C-2 min., 6° /min to 90°C 
- carrier gas: N2  (20-40 ml/min) 
- column packing: 5% SP-1200/1.75% Bentone 34 - 5 -
The detection  limits  for the EPA method 602  are 0.2  JJ.g/1  for  both  benzene and 
ethylbenzene  with  a  standard  deviations  of  10%  for  benzene  and  12%  for 
ethylbenzene. 
Geyer  (1980)  described  a  detection  method  for  volatile  liquid  hydrocarbons  in 
seawater, like aldehydes, and aromatic and chlorinated hydrocarbons. 
The organics are continuously stripped from  a  heated, 2-litre sample (70° C) by a 
pure  inert  gas  (helium).  The stripped  components  are trapped  on  a  Tenax-GC 
column.  Stripping efficiencies were found  to be nearly  100%. After stripping,  the 
components  trapped on  the Tenax-GC,  are desorbed  by  an on-line  heating unit 
(250°C for 15  min.), located outside the GC oven. A pre-column is necessary, since 
the  absorbed  compounds  are  not  released  simultaneously  upon  heating.  The 
analysis can be carried out with a GC, provided with the appropriate detector. 
The component sensitivity of the entire stripping and analytical method is below 1 
ng/1  (with  a  HP 5700A GC with dual FID). The boiling points of the components 
measured range from about 70-250°C. 
2.2  Conclusions 
The most frequently applied technique for the detection of benzene, ethylbenzene 
and isopropylbenzene is preceded by a purge and trap technique. As environmental 
samples often contain a mixture of substances that can disturb the identification of 
single  substances,  this  pretreatment  is  important.  Generally,  the  substances  are 
detected by GC-MS or GC-FID. 
Detection  limits  depend on  the applied  technique  and  on  the complexity  of the 
mixture. In some cases the detection limit can be less than 1 ng/1. - 6 -
3  ENVIRONMENTAL LEVELS 
In  this  chapter  a  review  will  be given  of the  concentration  levels  for  benzene, 
ethylbenzene and isopropylbenzene in various environmental compartments. These 
levels depend on local environmental conditions like climate, the organic content of 
sediments, water flow  rate of the rivers,  etc. Therefore these levels  will  give  only 
restricted information of the concentration levels that may occur at other locations. 
3.1  Residues in various environmental compartments 
3.1.1  Residues in the atmosphere 
In  the previous evaluation  for  the EC,  Persoone and Vanhaecke (1982)  reported 
benzene concentrations of I  J,1g/m3 to 50 J.1g/m3 in air. 
In another evaluation for the EC, Chambon (1984) summarized the concentration 
levels  found  for  ethylbenzene  in  air.  A  summary of these  levels  is  presented  in 
Table 3.1.1. 
Table 3.1.1  Concentration levels of ethylbenzene in air (Cham  bon ( 1984 ). 
Location 
US urban air 
tunnel in Amsterdam 
car park (USA) 
motorway (USA) 
The Hague 
landfill (UK) 
" 
Level 
(J.1g/m3> 
22 
13 
480 
400 
240 
3.6 - 49 
89 
No new data of environmental levels in  the atmosphere are available. 
3.1.2  Residues in soil 
Persoone and  Vanhaecke  ( 1982)  found  that  data  on  benzene levels  in  sediments 
are scarce and  do not permit any interpretation. High concentration in  sediments 
are  not  expected  to  occur  because  of the  relatively  low  sediment/water partition 
coefficient. 
Background concentrations of benzene in  soil  in  The Netherlands varied between 
< 0.01  and 0.06  1-1g/kg,  but locally concentrations  > 5 mg/kg soil were observed on 
contaminated  sites  (Slooff,  1988).  Measured  concentrations  in  groundwater  are 
usually  between  < 0.0005  and  0.03  J.'g/1,  but locally concentrations in  groundwater 
may be > 5 1-1g/l. 
In  his  evaluation  Cham  bon  ( 1984)  reported  a  concentration  of  0.5  J,1g/kg  (wet 
weight) for ethylbenzene in  sediment from the Los Angeles county. 
No new data have been found for concentration level of benzene, ethylbenzene and 
isopropylbenzene in  soil. - 7 -
3.1.3  Residues in water 
In  their  evaluation  for  the  EC,  Persoone  and  Vanhaecke  (1982)  reported 
concentration  levels  of  benzene  in  different  types  of  water.  These  data  are 
presented in Table 3.1.2. 
Table 3.1.2  Concentration  of benzene in  different  types  of water  (Persoone and 
Vanhaecke, 1982) 
Type of water 
drinking water 
- not uncommon 
-maximum 
river water 
- not uncommon 
-maximum 
seawater 
- not uncommon 
-maximum 
rain water 
Concentration (v.g/1) 
< 0.1  - 1 
10 
0.2- 3 
100 
< 0.05- 0.2 
1 - 4 
0.1- 0.5 
In  his  evaluation  for  the  EC  Chambon  (1984)  reported  on  the  occurrence  of 
ethylbenzene and isopropylbenzene in  water. In  1979  ethylbenzene was detected in 
the  river  Rhine  in  levels  between  0.7  and  2.3  ~g/1 (ECETOC,  1988).  Chambon 
( 1984) cites a mean level of 0.3  with peaks to 2  ~g/1 in the Rhine in  1983. Some of 
the studies on ethylbenzene report that isopropylbenzene was not detected. 
Most references report high concentrations in the neighbourhood of gas works. 
Ethylbenzene is  detected in seawater in  the neighbourhood of oil platforms (up to 
5.5 g/kg). Therefore oil platforms can severely pollute the seawater. 
On the other  hand  it  was  shown  that  ethylbenzene  and  isopropylbenzene  hardly 
occur in drinking water. 
No new data are available for the levels in water. 
3.1.4  Residues in aquatic organisms 
In his literature study for  the EC, Chambon ( 1984)  reported some concentrations 
in fish  from wastewater. Dover sole and croaker contained 4  ~g ethylbenzene/kg in 
the liver. Also in crab traces of ethylbenzene were detected. 
No new data are available in  aquatic organisms. 
3.1.5  Residues in terrestrial organisms 
No  data  are  available  on  the  concentration  levels  of benzene,  ethylbenzene  and 
isopropylbenzene in terrestrial organisms. - 8 -
3.2  Conclusions 
No  recent new data have been found on environmental levels of benzene, ethylben-
zene  and  isopropylbenzene  in  water,  sediment  and  aquatic  organisms.  The con-
centrations of ethylbenzene  in  air are elevated  in  cities and locations with  much 
traffic.  Benzene  concentrations  in  water  and  soil  are  usually  low  but  in 
contaminated areas measured concentrations may  rise to  >5  mg/kg in  soil  or to 
> 5 Jlg/1  in groundwater. 
In  general,  the  lack  of  data  does  not  allow  a  sufficient  presentation  of 
concentrations of benzene, ethylbenzene an isopropylbenzene in the environment. - 9 -
4  PERSISTENCE AND DEGRADATION PATHWAYS 
4.1  Abiotic degradation in the aquatic environment 
4.1.1  Abiotic degradation 
In a previous evaluation for the EC, Persoone and Vanhaecke (1982) reported two 
references concerning the chemical degradation of benzene in the aquatic environ-
ment.  They  confirmed  the  minor  importance  of  chemical  degradation  in  the 
elimination  of benzene from  the aquatic environment when  related  to the rapid 
volatilization of benzene. 
In another evaluation for the EC, Chambon (1984) reported that ethylbenzene can 
be  readily  oxidized  in  different  solutes  by  molecular  oxygen.  Water,  however, 
inhibits this oxidation. 
The  chemical  reactivity  of  benzene  is  low,  primarily  because  of the  resonance 
stability of the benzene ring system. As benzene absorbs light at wavelengths below 
290  nm,  direct  photolysis  in  the  watercolumn  is  not  to  be  expected.  Likewise, 
hydrolysis and oxidation are not expected to be important in natural surface water. 
In  air  the  benzene  derivatives  will  degrade  rapidly  by  indirect  photolysis  with 
radical in the upper layer of the atmosphere (EPA, 1981 ). 
Mill  et al.  ( 1980)  reported that  isopropylbenzene is  degraded by  alkylperoxyl  and 
hydroxyl free radicals into 2- and 4-isopropylphenol in a 30/70 ratio. In the aquatic 
environment hydroxyl  radicals can be formed from  other organic substances, (e.g. 
riboflavin)  and  by  irradiation  with  sunlight  and  therefore  degradation  along  this 
pathway may occur in water. 
No literature was available on hydrolysis of isopropylbenzene in water. 
4.1.2  Conclusions 
Limited  information  is  available  on  the  chemical  degradation  of  benzene, 
ethylbenzene  and  isopropylbenzene  in  the  aquatic  environment.  This  may  be 
connected  to  the  low  reactivity  of these substances  under environmental  aquatic 
conditions.  Furthermore  these  substances will  volatilize  rapidly  in  air because of 
their high  volatilization  rate.  In air the substances will  degrade rapidly by  indirect 
photolysis with radicals. 
4.2  Biological degradation and metabolization 
The following  literature study  is  based  on a  review  report on biodegradability of 
priority chemicals by  Keuning and Janssen ( 1987). In an additional search relevant 
international  literature  from  1986  until  the  beginning  of  1991  was  screened  for 
publications on the biodegradation of benzene, ethylbenzene or isopropylbenzene. 
Standardized  tests  are  available  to  determine  biodegradation  under  aerobic 
conditions (Annex V in  Dir. 79/831/EEC). However, most of the studies reported 
in literature do not comply with these standardised methods. Therefore, an attempt 
has been made to classify the substances in line with definitions used by OECD and 
EC on the basis of the available data on test conditions and results. The following 
definitions are used: 
Primary degradation is  the alteration of the chemical structure resulting in  the loss 
of a specific property, or the loss of the parent compound. Ultimate biodegradation 
is  achieved  when · the  test  compound  is  totally  utilized  by  micro-organisms, - 10 -
producing carbondioxide, water, mineral salts and new biomass, or mineralization. 
A  substance  is  classified  as  readily  biodegradable if it  shows  a  positive  result  in 
some  defined  stringent  test  methods  which  provide  limited  opportunities  for 
biodegradation and acclimatization.  Readily biodegradable substances are assumed 
to undergo rapid and ultimate biodegradation in  the environment. Substances that 
biodegrade  under  more  favourable  test  conditions  (prolonged  exposure,  high 
biomass concentration, low substance concentration) may be classified as inherently 
biodegradable. This does not necessarily mean that mineralization is complete, nor 
that rapid and reliable biodegradation in the environment will occur. 
4.2.1  Benzene 
Biodegradation in standard tests 
Benzene was classified as readily biodegradable (OECD TG 301C) by  MITI (1985). 
Biodegradation in the natural environment 
Compounds  containing  an  aromatic  ring  in  their  structure  are  wide-spread  in 
nature.  Therefore  it  is  not  surprising  that  several  native  micro-organisms  can 
degrade  aromatic  compounds  like  benzene.  It  is  proposed  that  benzene  can  be 
(completely)  biodegraded  under  favourable  aerobic  conditions  in  the  natural 
environment (e.g. sufficient nutrients, low concentrations of benzene ( <  0,1%) and 
other (toxic) compounds (Slooff,  1988). 
Delfino and Miles (1985) demonstrated that benzene was degraded in  groundwater. 
Under  aerobic  conditions  benzene  (1  mg/1)  was  degraded  completely  within  a 
period of 16  days.  Under anaerobic conditions no degradation was observed within 
a period of 96  days. 
Biodegradation under experimental conditions 
Several  researchers  studied  the  microbial  degradation  of  benzene  and  isolated 
micro-organism that can use  benzene as the sole source of carbon and energy,  i.e. 
Pseudonzonas  putida,  Moraxella  sp.,  Nocardia  coral/ina  (Gibson  and  Subramanian, 
1984). 
Oldenhuis et al.  ( 1989) described the effect of addition of Pseudomonas strain GJ31 
to soil slurries (at 30°C) containing approximately 500 11M  benzene. 
Without inoculation, the indigenous microflora needed about 30 h for adaptation to 
degrade chlorobenzene and  100  h for  complete removal.  Inoculation with  cultures 
of strain GJ31  (5  mg dry weight/1 slurry)  realized rapid degradation and complete 
disappearance within 50  h.  The results showed that degradation was due to growth 
of the inoculated cells using benzene as source of carbon and energy. Addition of 
activated  sludge  did  not  stimulate degradation.  The degradation  rate of aromatic 
solvents  by  the  added  bacteria  in  soil  slurries  was  similar  or  higher  than  that 
observed in  liquid cultures of the same organisms. 
Meyer et al.  ( 1984)  studied benzene degradation with  batch experiments in  which 
sediment of an oil  refinery settling pond was used as microbial inoculum.  Benzene 
degraded rapidly when  dosed  separately, but was  not  metabolized in  the presence 
of phenol (initial concentrations 100  mg/1). Arvin et al.  (1989) found similar results 
for  benzene  dosed  separately  or  with  other  aromatic  compounds  in  a  mixed 
substrate. 
Karlson  and  Frankenberger ( 1989)  assessed  the biodegradation of benzene (initial - 11  -
concentration approximately 450  11g/l)  in  gasoline contaminated groundwater upon 
amendment  with  nutrients  (NH4- /  N03-N:  100  mg/1)  and  an  enriched  mixed 
cocktail  of adapted  micro-organisms  in  batch  experiments at 23°C.  The benzene 
content  slowly  degraded  in  the  unamended  sample  but  dramatically  dropped  in 
concentration  in  the  N-amended  water  and  in  the  inoculated  plus  N-amended 
water.  In  both  experiments  more  than  95%  of the benzene in  groundwater was 
removed through microbial action within 73,5  h;  a threshold concentration of 22-35 
1-1g/l was observed below which no further degradation took place. 
Melcer et al.  ( 1989) measured the variability of influent and effluent concentrations 
of trace  contaminants  at  a  full-scale  municipal  sewage  treatment  plant,  treating 
combined  domestic  and  industrial  wastewaters.  The  benzene  concentration  was 
reduced  from  a  mean  concentration  of 0,8  11g/l  in  the influent  by  approximately 
60% to a mean effluent concentration of 0,3  11g/l. 
Aerobic  metabolism  occurs  trough  the  formation  of  catechol  by  means  of 
incorporation  of  molecular  oxygen  catalyzed  by  dioxygenases.  Subsequently 
catechols  are  further  degraded  by  ortho- or  meta-cleavage  in  the  endproducts 
succimic acid  and acetyl-CoA  (  ortho-cleavage)  and pyruvic  acid  and acetaldehyde 
(meta-cleavage). 
Biodegradation of benzene under anaerobic conditions is also possible. Major et al. 
( 1988)  investigated  the  biodegradation  of  benzene,  toluene  and  xylene  isomers 
(BTX;  initial  concentration  of  each  compound:  3  mg/1)  in  anaerobic  batch 
microcosms  containing  shallow  aquifer  material  at  10° C.  After  an  incubation 
period of 62  days with  nitrate (10  mg/1)  the percentage of remaining BTX was 5-
15% for  the individual compounds compared to the percentage of remaining BTX 
in  the sterile control of 79-86%  for  the individual compounds. Denitrification was 
positively  confirmed  by  acetylene  blockage  of  nitrate  reductase  resulting  in 
accumulation of nitrous oxide. 
Hutchins  et  al.  (1991)  studied  microcosms  under  anaerobic  conditions  at  l2°C 
from uncontaminated aquifer material and aquifer material contaminated with JP-4 
jet fuel.  The microcosms were spiked with nitrate to yield 30 or 75  mg N03"/l and 
several aromatic compounds (final concentration 2-7  mg/1  for each compound). In 
experiments  with  uncontaminated  material  benzene  was  not  biodegraded; 
ethylbenzene biodegraded after a lag period of approximately 30 days to 0.5  mg/1 
at the end of the 56-day  test  period. An  identical  test with  contaminated aquifer 
material showed  no removal  of benzene and ethylbenzene during the  160  day  test 
period.  Wilson  et  al.  (1986)  studied  the  biotransformation  of  benzene  in 
methanogenic aquifer  material.  After  an  incubation  period of 40  and  120  weeks 
(incubation at  17° C in  the· dark) the benzene initial concentration of 613  11g/l  had 
decreased to 27 and 4% of the sterile control, respectively. 
Vogel  and  Grbic-Galic  (1986)  observed  mineralization  of  benzene  in  a  mixed 
culture under anaerobic,  methanogenic conditions at 35° C  (in  the dark).  Benzene 
(3  mM)  was  used  as  the  sole  carbon  and  energy  source.  Phenol  was  the  first 
metabolite  detected;  the  incorporated  oxygen  atoms  originated  from  water 
molecules.  In  another  study  of  Grbic-Galic  and  Vogel  (1987)  anaerobic 
transformation  of benzene  by  mixed  methanogenic  cultures  was  described  once 
more. The experiments with  this  inoculum  (10%) were carried out at 35°C in  the 
dark.  Benzene was  semi-continuously supplied as carbon and energy source in  the 
defined mineral medium. The cultures were fed  unlabelled or 14C-labelled benzene. 
Gas  production  was  monitored  over  a  period  of 60  days.  In  4  days  the  initial - 12  -
benzene concentration of 15  mM  was  reduced by  66% to 5  mM with concomitant 
production of phenol.  Complete disappearance of benzene was observed after 34 
days. Carbon dioxide and methane were the final  products of fermentation. Phenol 
was found to be the major aromatic intermediate. Additional compounds detected 
were cyclohexine and propanoic acid. 
Schink  ( 1985)  carried  out  methanogenic  enrichment  experiments  using  sewage 
sludge or sediment samples as inoculum (5  ml  of anoxic mud per 50 ml enrichment 
cultures) with  hydrocarbons as sole organic substrate.  No significant formation of 
methane was observed in  enrichment cultures containing benzene ( 1 ml/1  medium) 
during 14 weeks of incubation at 28°C and pH 7.2-7.3. 
4.2.2  Ethylbenzene 
Biodegradation in standard tests 
No  standard  tests  on  the  biodegradation  of ethylbenzene  were  reported  in  the 
literature. 
Biodegradation in the natural environment 
Almost no data are available in  literature on the biodegradation of ethylbenzene in 
the natural environment. Bouwer (1989)  performed aerobic, batch studies at 20°C 
on  samples  from  a  strip-pit  pond  contaminated  with  alkylbenzenes  and 
chlorobenzene  from  tank-truck  washing  operations.  Over  a  43-day  incubation 
period 2 ± 3% ethylbenzene (initial concentration 100  IJ.g/1)  was biotransformed in 
pondwater.  Ethylbenzene was  transformed without  an  apparent  lag time  in  pond 
water  amended  with  nutrients  ( 10  mg  acetate/!;  5  mg  N/1;  5  mg  P /1)  as 
concentrations  were  below  the  detection  limit  after  12  days  of incubation.  The 
addition of nutrients and sediment collected from  the bottom of the strip-pit pond 
(concentration  0.61  g/1)  to  the  pond  water  produced  similar  rapid 
biotransformation.  In  a  repeated  batch  experiment  with  pondwater  (with  and 
without sediment) amended with  nutrients, ethyl benzene ( 100  llg/1) was completely 
biotransformed within 24  hours. 
In  an  experimental  aerobic  activated  sludge  installation  with  an  influent 
concentration of 60  mg/1,  Kincannon  et al.  ( 1983)  observed a  removal  percentage 
of  more  than  99%  for  ethylbenzene.  Evaporation  and  adsorption  to  activated 
sludge  were  responsible  for  a·  removal  of  5.2-7.5%  and  0-0.19%.  respectively. 
Apparently the remaining 92.4-94.6% was removed by  microbial activity. 
Biodegradation under experimental conditions 
Biodegradation  of  ethylbenzene  under  aerobic  conditions  by  several  micro-
organisms  is  described.  Gibson  ( 1972)  already  described  the  metabolism  via  3-
ethylcatechol by  Pseudonz01ws sp. and a Nocardia  sp.  In other studies by Gibson et 
al.  (1973,  1984) the metabolism ofethylhenzene (100 mg/1) by Pseudonzonasputida 
was  investigated.  The  major  metabolic  route  took  place  via  1.2-dihydroxy-3-
ethylcyclohexa-3.5-dieen  and cis-1,2-dihydroxy-3-( 1-hydroxyethyl )cyclohexa-3.5-dieen 
followed by  ring fission and further metabolism. 
The minor route was via  the metabolite 1-phenylethanol which was degraded to the 
corresponding catechol and subsequently transformed via  meta ring-fission. 
Smith  and  Ratledge  (1989)  reported  on  catabolism  of  alkylbenzenes  by 
Pseudonzonas  sp.  NCIB  10643.  Pseudomonas  sp.  NCIB  10643  grew  on a  range of 
mono-substituted  alk)'lhenzenes  (C2-C7).  including  ethylbenzene  and  isopropyl-- 13  -
benzene. Both alkylbenzenes were metabolized via  ring attack, proceeding via initial 
dioxygenase activity resulting in  3-alkyl-substituted catechols subsequently followed 
by the meta ring-cleavage pathway. 
Utkin et al.  ( 1991)  isolated Pseudomonas sp.  Y2  from oil-contaminated soil in the 
presence  of  ethylbenzene  as  a  sole  carbon  and  energy  source.  Strain  Y2 
transformed  ethylbenzene  via  the  metabolites  2-phenylethanol  and  phenylacetate 
and  also  via  1-phenylethanol.  Detection  of  catechol-2,3-dioxygenase  in  cell-free 
extracts  of  strain  Y2  indicated  that  ethylbenzene  could  be  degraded  via  the 
corresponding catechols and subsequently the meta ring-cleavage pathway. 
Holland et al.  (1985) described the metabolism of ethylbenzene (0.5-1  mg/1) by  the 
fungus Mortierella isabel/ina. As metabolite phenylethanol was detected. 
Bouwer  and  McCarty  ( 1985)  studied  aerobic  columns  with  immobilised  micro-
organisms  growing  on  1  mg  acetate/!,  which  degraded  low  ethylbenzene 
concentrations (influent concentration 9.1  ~g/1). When the columns were operated 
with a retention time of 20 minutes the removal of ethylbenzene was 99%. 
Few  data  are  available  on  anaerobic  degradation  of ethylbenzene.  Wilson  et  al. 
(1986)  studied  the  biotransformation  of  e.thylbenzene  in  methanogenic  aquifer 
material. After an incubation period of 20 weeks, 20° C  in the dark, no degradation 
of  ethylbenzene  (269  ~g/1)  was  observed;  after  40  weeks  of  incubation  the 
ethylbenzene concentration had decreased to 69% of the sterile controL 
Bouwer and  McCarty ( 1983)  observed  no  transformation of ethyl  benzene ( 40-114 
~g/1) under anaerobic denitrifying conditions with  activated sludge as inoculum at 
25° C during an incubation period of 11  weeks. 
Bouwer  ( 1985)  described  that  immobilised  micro-organisms  tn  anaerobic 
methanogenic  columns,  growing  on  acetate  as  the  primary  substrate  could  not 
degrade simultaneously added ethylbenzene (initial concentration 12  ~g/1). 
4.2.3  Isopropylbenzene 
Biodegradation in standard tests 
Isopropylbenzene  was  classified  as  readily  biodegradable  (OECD  TG  301C)  by 
MITI (1985). 
Biodegradation in the natural environment 
No  data  are  available  in  literature on  biodegradation  of isopropylhenzene  in  the 
natural environment. However, as substances containing an aromatic ring structure 
are wide-spread in  nature, it  is  assumed that isopropylbenzene can be biodegraded 
under aerobic conditions by a large variety of micro-organisms. 
Biodegradation under experimental conditions 
Information  on  the  biodegradation  of  isopropylbenzene  under  experimental 
conditions  is  limited.  Based  on  the  simple  aromatic  structure  it  is  generally 
assumed  that  isopropylbenzene  is  biodegraded  under  aerobic conditions. but  that 
the isopropyl moiety is  hindering microbial oxidation resulting in  lower degradation 
rate. Isopropylbenzene for example was degraded a  factor 2 slower than toluene by 
a  toluene-grown  culture  of  Pseudonwnas  putida  (Gibson,  1972;  Gibson  and 
Subramanian.  1984 ).  Proposed  is  that  degradation  occurs  via  3-alkyl·substituted 
catechols. - 14  -
Smith  and  Ratledge  ( 1989)  reported  on  catabolism  of  alkylbenzenes  by 
Pseudomonas  sp.  NCIB  10643.  Pseudomonas  sp.  NCIB  10643  grew  on a  range of 
mono-substituted  alkylbenzenes  (C2-C7),  including  ethylbenzene  and 
isopropylbenzene. Both alkylbenzenes were metabolized via  ring attack, proceeding 
via initial dioxygenase activity resulting in 3-alkyl-substituted catechols subsequently 
followed by the meta ring-cleavage pathway. 
No data are available in literature on the biodegradation of isopropylbenzene under 
anaerobic conditions. 
4.2.4  Conclusions 
As substances containing an aromatic ring structure are wide-spread in nature, it is 
assumed  that substances with  a  similar  structure  like  benzene,  ethylbenzene and 
isopropylbenzene, are biodegradable by a variety of micro-organisms. 
Benzene  is  classified  as  readily  biodegradable.  Anaerobic  biodegradation  was 
reported but at a very low rate and after a long lag phase. 
Under aerobic conditions ethylbenzene is completely biodegradable. Biodegradation 
under anaerobic conditions does not seem to be important. 
Isopropylbenzene  is  classified  as  readily  biodegradable.  Biodegradation  under 
anaerobic conditions has not been reported. - 15-
5  DISTRIBUTION BE1WEEN ENVIRONMENTAL COMPARTMENTS 
5.1  Volatilization 
In  a previous evaluation on  benzene for  the EC, Persoone and Vanhaecke (1982) 
found an evaporation half-life of 37 minutes in a water column of 1 meter depth at 
~5°  C. They also reported on the rapid volatilization of benzene from oil spills. 
In  another  evaluation  for  the  EC,  Chambon  (1984)  found  that  ethylbenzene 
evaporates from water with a half-life of 7.5  hours for a water depth of 1 meter at 
25°C.  Under  the  same  conditions  a  half-life  of 5.79  hours  was  reported  for 
isopropylbenzene. 
According to Mackay and Leikonen (1975) an evaporation half-life for benzene was 
4.81  h at 25°C and 5.03 h at 10°C. 
Hellman  (1987)  studied  the vaporization  behaviour of benzene.  He developed  a 
model for the quantification of the volatilization rate in the environment. With this 
model experiment a volatilization rate of 11.6* 10·3 min·1 was found. 
As  benzene  volatilizes  rapidly  most  degradation  takes  place  in  air  where  it  is 
degraded quickly:  t¥2  < 1 day (Ware 1980). 
Ince and Inel ( 1989) carried out laboratory experiments to measure the volatilizati-
on  rate of different substances.  For ethylbenzene a volatilization  (first-order) rate 
constant  of 0.71  h-
1  (25°C)  was  found.  Aeration  of the  solution  resulted  in  a 
doubling of the volatilization rate. 
No literature was available on the volatilization of isopropylbenzene from water. 
In  recent years several  models  have  been developed  to estimate the volatilization 
behaviour  of substances  in  the  natural  environment.  In  this  evaluation  study  the 
estimation  method  developed  by  De  Bruin  (1985)  is  used  to  estimate  the 
volatilization  half-life  ("standard  half-life").  The calculation  is  based  on  physical 
parameters like water solubility, vapour pressure, water speed (1  m/s), air velocity 
(3 m/s) and water depth (1  m). The calculation method is presented in Appendix 1. 
The calculated  half-lives  for  the benzene,  ethylbenzene and  isopropylbenzene are 
presented in Table 5.1.1. 
Table 5.1.1  Calculated volatilization rate (standard half-life) for benzene, ethylben-
zene and isopropylbenzene, according to De Bruin ( 1985). 
Substance 
benzene 
ethyl benzene 
isopropyl benzene 
Half-life (h) 
5.0 
3.1 
5.8 
A summary of published data on  volatilization  rates and half-lives data  is given  in 
Table 5.1.2. - 16-
Table 5.1.2  Volatilization  rates and  half-lives  reported for  benzene,  ethylbenzene 
and isopropylbenzene. 
Substance 
benzene 
ethyl benzene 
isopropylbenzene 
References: 
Volatilization rate 
(h-1) 
1.1 
4.8 
0.70 
0.092 
0.71 
0.12 
1 Persoone and Vanhaecke (1982) 
2 Mackay and Leikonen (1975) 
3 Hellmann (1987) 
4 Cham  bon ( 1984) 
5 Ince and Inel ( 1989) 
Half-life  Ref. 
(h) 
0.62  1 
0.14  2 
1.0  3 
7.5  4 
0.98  5 
5.79  4 
Table 5.1.2 shows a high variety in  the various volatilization half-lives of each sub-
stance.  This  is  mainly  caused  by  the  difference  in  experimental  conditions. 
Differences in  half-lives  of the various compounds will  be  caused  by  the specific 
physical and chemical properties of the substances 
For a proper comparison of the volatility of the substances, Table 5.1.1  should be 
used,  because  those  calculations  are  based  on  identical  physical  and  chemical 
properties and assumptions. 
In general, it can be concluded that the substances will volatilize rapidly from water 
into the air. 
5.2  Sorption 
For the fate of a substance in the environment, sorption can play an important role. 
Substances  may  adsorb on  suspended  particles  and  on  sediment  where  they can 
remain  for  a  long time.  After adsorption  a  substance  may  return  to  the  aquatic 
environment by  desorption. It is  possible to measure a distribution coefficient of a 
substance  between  sediment  and  water.  This  parameter  is  called  the  sedi-
ment/water partition coefficient. The value of this coefficient is  dependant on the 
physical and chemical properties of the substance, e.g. solubility and on the organic 
carbon content of the sediment. Usually,  the partition coefficient  is  calculated for 
the carbon content of the sediment. This parameter is  called  the "organic carbon 
partition coefficient" (Kac). 
For many substances the Koc  has been measured.  For other substance the ~  can 
be estimated from  the octanol/water partition coefficient  (~w) or from  the water 
solubility. 
For  benzene,  ethylbenzene  and  isopropylbenzene  these  partition  coefficients  and 
the solubility  in  water are presented in  Table 5.2.1  (data  have been derived from 
chapter l) - 17-
Table 5.2.1  Physical properties of benzene, ethylbenzene and isopropylbenzene 
Parameter  Benzene  Ethyl  benzene  I sopropylbenzene 
solubility (mg/l)  1800  152  50 
H (atm·m
3/mol)  5.4·10"
3  5.8·10"
3  1.28·10"3 
log  Koc  1.87  1.98 
log  BCF  1.34 
vol.  half-life Ch-
1
)  5.0  3.1  5.8 
As a  result  of the low  Kaw-value  and low  ~-value it  is  not to be expected  that 
adsorption will  play a major role in the distribution in the environment. 
5.3  Bioaccumulation 
5.3.1  Aquatic organisms 
If  experimental  data  are  absent,  the  potential  of  an  organic  substance  to 
bioaccumulate  may  be  estimated  from  its  water-octanol  partition  coefficient, 
expressed as log  I<aW'  see chapter 1.2.  If log ~  is  above 3,  the substance has the 
potential  to  accumulate  in  the  biomass.  Whether  accumulation  actually  occurs, 
depends among other things  on  the capacity  of the  organisms  to  metabolise  or 
eliminate the substance. The log  I<aw  for  benzene is  2.2,  for ethylbenzene 3.2  and 
for isopropylbenzene 3.7. 
The  data  collected  by  Persoone  and  Vanhaecke  (1982)  indicate  that  the 
accumulation  level  of benzene in  fish  is  restricted.  Extreme values were  0.2  and 
135,  but  most values  ranged  between  1 and  10.  Data for  other species were not 
available at the time. 
Only  few  new  data  were  found  for  benzene,  see  Table  5.3.1.  All  reported 
bioconcentration factors (BCF) were based on wet weight. 
Two BCFs were found for algae: 30 for Chlorella fusca  var.  vacuolota  and 2217 for 
Selenastrum  capricomutunz.  Exposure  of  Daphnia  pulex  to  two  different 
concentrations  of benzene  (  40  and  80  J.Lg/1)  resulted  in  BCFs  of 225  and  203, 
respectively.  For the fish  Leuciscus idus melanotus exposure to benzene resulted in 
a  BCF less than  10. Apparently, benzene accumulates (or adsorbs) in  algae and in 
Daphnia  to  a  higher  level  than  in  the  tested  fish  species.  The data  confirm  the 
earlier  statement  in  Persoone  and  Vanhaecke  (1982)  that  bioaccumulation  of 
benzene  in  fish  is  not  important.  Probably  the  fish  is  capable  to  eliminate  or 
metabolize benzene. 
For ethylbenzene and isopropylbenzene no data on bioaccumulation were available 
from  the study of Cham  bon  ( 1984 ),  nor could  new  data be  added  in  the present 
update.  However,  on  the  basis  of the  similarity  of these  substances  in  chemical 
characteristics, the similarity in  biodegradability and in  toxicity (see Chapter 6) it is 
expected that bioaccumulation in  fish will  not be important. - 18 -
Table 5.3.1  Bioconcentrationfactors for benzene 
Substance/ 
species 
Algae 
Chlorella fusca 
var.  vacuolota 
Selenastrum 
capricomutum 
Crustaceans 
Daphnia pulex 
Fish 
Leuciscus idus 
melanotus 
Lifestage 
age/size 
1.9-2.1 mm 
5.3.2  Terrestrial organisms 
Cone.  Test  Uptake 
(~g/1)  system  period 
50  s  24 h 
10000  s  24 h 
40  s  24 h 
80  s  24 h 
50  s  24 h 
BCF  Reference 
(wet 
weight) 
30  Freitag, 1985 
2217  Casserly, 1983 
225  Trucco et al., 
203  1983 
<  10  Freitag, 1980 
No  references  were  found  on  bioaccumulation  of  benzene,  ethylbenzene  and 
isopropylbenzene in terrestrial species. 
5.4  Environmental distribution 
The fate of a  substance in  the aquatic environment is  dependant on a  number of 
physical  and  chemical  characteristics  such  as  volatilization,  sorption, 
bioaccumulation, chemical and biological degradation. 
Volatilization,  sorption  and  bioaccumulation  have been discussed  in  this chapter, 
and chemical and biological degradation was discussed in chapter 4. 
After  release  into  the  environment  benzene,  ethylbenzene  and  isopropylbenzene 
will mainly partition to the atmosphere because of their high volatilization rate. The 
bioaccumulation  of benzene  in  fish  is  not  important.  Few data  are available  on 
adsorption  and  bioaccumulation  of  ethylbenzene  and  isopropylbenzene.  The 
chemical degradation rate in water will  be low  as a  result of the stability of these 
aromates, but the substances are completely biodegradable in water under aerobic 
conditions. 
Sorption,  bioaccumulation  and  biodegradation,  however  will  be  of  minor 
importance because of the short life time in the aquatic environment. - 19 -
6  TOXICITY 
A  general  remark should  be made with  regard  to the interpretation  of the data 
presented in  the literature. Benzene, ethylbenzene and isopropylbenzene are highly 
volatile  substances,  indicated  by  half-lives  less  than  6  hours  (Table  5.1.1 ).  As  a 
consequence these substances will  also  disappear from  the test vessels in toxicity 
studies. According to Persoone and Vanhaecke (1982)  the concentration decrease 
in static tests is  around 25% after 1 day and may rise to 80 - >  99% after 4 days, 
depending on the shape and surface to volume ratio of the container, agitation of 
the system, the use of a cover and the type of the test (static or flow-through). 
As the present report is an update of two EC-reports (Persoone and Vanhaecke, 
1982;  Chambon,  1984), a  search was carried out for toxicity  data published since 
1980. Since then only a limited number of studies have been reported. Also in most 
of these new studies, test were static and test substance concentrations have only 
been reported as nominal concentrations, and should therefore be interpreted with 
caution. The data are presented in tables 6.1.1  to 6.1.3. A selection of data from the 
previous EC-reports is included in the tables. 
6.1  Aquatic toxicity 
6.1.1  Benzene 
According to Persoone and  Vanhaecke  (1982)  the toxicity  of benzene for micro-
organisms varied between 50 and 200  mg/1.  However, benzene may interfere with 
the chemotaxis of micro-organisms  at  relatively  low  concentrations,  e.g.  0.1  mg/1. 
However, the chemotaxis inhibition is a reversible process. 
No new data were found on the toxicity of benzene to micro-organisms. 
The data for algae as reported by Persoone and Vanhaecke (1982) vary largely. In 
their evaluation they state that maximum no effect levels for marine algae species 
vary  between  10  and  50  mg/1.  Compared  to  this  range,  the  new  data  for 
Ankistrodesntus falcatus  and Selenastrum  capricomutum  seem to be very high.  The 
MATC of <  34  mg/1 for the red algae Champia parvula (14 days renewal test) falls 
well within the above mentioned range. 
The  mean  LC50-value  for  freshwater  invertebrates  calculated  by  Persoone  and 
Vanhaecke ( 1982) approximated 260 mg/1, with the rotatorian as the most sensitive 
species  (14.4  mg/1).  Marine crustacean  species  (mean  LC50  67  mg/1)  were  more 
sensitive to benzene than the mollusc. 
New data were reported for  9  freshwater vertebrates, including two  insects,  three 
protozoans, three hydrozoans and a snail. These seem to fit well in this range. 
However,  also  in  these  data  a  large  intra-species  variability  in  the  results  is 
observed (e.g. a factor 20 for the toxicity of Daphnia pulex  ). 
For  one  species  extremely  sensitive  life  stages  are  reported:  in  tests  with  the 
marine  echinoderm  Paracentrotus  lividus  both  the  sperm  and  the  embryo  were 
affected at 0.078 mg/1.  Endpoints were developmental effects (gut and skeletal mal-
formations), fertilization success and chromosomal abnormalities (genotoxic effect). 
This  low  value  compares well  with  the  value  cited  by  Persoone  and  Vanhaecke 
(1982) for the lowest concentration (0.053 mg/1) for "slight" effect in the embryos of 
a marine fish. 
For most fish  species the LC50 fell  within the range of 5 to 50 mg/1  (Persoone and 
Vanhaecke, 1982). Almost no change in LC50-values was found between 24 h and 96 
h  tests. The new  data found  in  this study for Oryzias  latipes  and Poecilia reticulata - 20-
seem to be rather high  as compared to this range. The sensitivity of two amphibian 
species tested by  the same author were of the same order of magnitude. It is  not 
clear whether benzene concentrations were maintained during these studies. 
The new data on benzene include data on a  number of new species of freshwater 
invertebrates and amphibians. The toxicity values fall well within the range of data 
in  the previous report. The lack of studies on chronic toxicity as observed in  1982 is 
confirmed in  the present report. Two studies on early life stages (in an echinoderm 
and  a  fish  species)  showed  that  the  embryo  development  was  affected  at 
concentrations around 0.05 mg/1. 
6.1.2  Ethylbenzene 
In the previous study on  ethylbenzene  for  EC Cham  bon  ( 1984)  reported toxicity 
data for bacteria, algae, invertebrates and fish. 
The data compare well  to the data for benzene, and also the same wide variability 
is  observed which may,  at least partly, be connected to the high volatility of the test 
substance. 
Only for  two  species new  toxicity  data were reported since  1980.  The LC50-values 
for the crustaceans were 2.1  mg/1  for Daphnia magna being 40  to 50  times lower 
than the older values, and  15.4  mg/1  for Arlemia. The latter value fits well  into the 
range of earlier data for marine crustaceans. 
Chronic studies with ethylbenzene have not been found. 
6.1.3  lsopropylbenzene 
In  the previous study on  isopropylbenzene  for  EC (Chambon,  1984)  toxicity  data 
were  available  for  Daphnia  magna  and  Mytilis  edulis.  In  addition  new  data were 
found  on Daphnia ma'gna  and Artemia (Table 6.3.1 ).  The newer data for D.  magna 
are more than 2 orders of magnitude lower than the older (0.6 versus 95  mg/1).  It 
should  be remarked  that  the latter concentration  (95  mg/1)  is  higher  than water 
solubility of isopropylbenzene in water: 50 mg/1. 
Data on chronic toxicity are limited to an unspecified test with the mussel larvae. 
The limited number of data available suggest that the acute toxicity  is  comparable 
to the toxicity of ethylbenzene. Chronic data are lacking. T
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Table 6.1.4  QSAR estimates of the toxicity of benzene, ethylbenzene and 
isopropylbenzene to various test species (QSARs from Verhaar and 
Hermens, 1991). See text for discussion on the reliability. 
Species 
Bacteria 
Clostridium botulinum 
Bacillus subtilis 
Pseudomonas  putida 
Microcystis  aeruginosa 
Photobacterium phosphoreum 
Algae 
Skeletonema  costatum 
Scenedesmus  subspicatus 
Selenastrum capricornutum 
Protozoa 
Tetrahymena  pyriformis 
Coelenterates 
Hydra  oligactis 
Molluscs 
Lymnaea  stagnalis 
Arthropods 
Nitocra  spinipes 
Daphnia  magna 
Aedes  aegypti 
Aedes  aegypti 
Culex  pipiens 
Fish 
Alburnus  alburnus 
Brachydanio  rerio 
Pimephales  promelas 
Pimephales  promelas 
P.promelas/B.rerio 
Poecilia reticulata 
AqJhibia 
Ambystoma  mexicanum 
Rana  catesbeiana 
Rana  temporaria 
Xenopus  laevis 
Xenopus  laevis 
estimated 
parameter 
NOEC 
EC50 
NOEC 
NOEC 
NOEC 
NOEC 
EC50 
EC50 
EC50 
NOLC 
NOLC 
LC50 
NOEC 
LC50 
NOLC 
NOLC 
LC:;o 
NOEC 
LC50 
NOEC 
NOEC 
LC50 
NOLC 
LC50 
NOLC 
NOLC 
LC50 
Benzene 
(mg/l) 
641.2 
289.2 
n.8 
16.0 
76.5 
237.7 
120.1 
29.7 
219.2 
45.6 
42.6 
110.8 
8.2 
139.8 
91.6 
53.6 
135.0 
14.2 
41.8 
4.5 
4.3 
62.7 
59.6 
50.0 
54.4 
67.9 
15.5 
6.1.4  Quantitative structure activity relations (QSARs) 
Ethyl-
benzene 
(mg/l) 
142.2 
95.5 
23.1 
65.8 
24.4 
4.4 
50.8 
26.9 
1.1 
35.0 
1.8 
8.7 
0.6 
0.9 
12.5 
10.2 
Isopropyl· 
benzene 
(mg/l) 
61.5 
51.0 
11.8 
32.0 
1.5 
22.5 
12.2 
0.4 
16.4 
0.6 
3.6 
0.2 
0.4 
5.1 
4.2 
If sufficient  experimental  data  for  a  group  of structurally  related substances  are 
available, quantitative structure activity  relations may be established. For "neutral" 
substances with a  narcotic effect, for 25 species QSARs are available where toxicity 
is  a  function  of  the  octanol-water  partition  coefficient  (Verhaar  and  Hermens, 
1991 ).  These  QSARs  may  be  applied  to  estimate  the  toxicity  of  benzene, 
ethylbenzene  and  isopropylbenzene.  Table  6.1.4  presents  the  toxicity  data  as 
estimated by  the QSAR approach. 
For  benzene,  a  comparison  of these  estimated  toxicity  data  to  the  experimental 
data  in  Tables 6.1.1  to 6.1.3  can  be  made for 8  species.  For 5  species  the QSAR - 29-
estimate is  within  a factor 2 of the experimental data and for 3 species the QSAR 
estimate is  10  to 30  times lower. For ethylbenzene, the QSAR estimate is within a 
factor 2 for 3 out of 9 test species and for 6 species the QSAR estimate is  6 to 85 
times  higher  than  the  experimental  data.  No  comparison  could  be  made  for 
isopropyl  benzene. 
Although  the  QSAR  approach  seems  to  work  for  benzene,  predictions  for 
ethylbenzene are less reliable. If this would be a trend connected to the molecular 
structure,  the  approach  cannot  be  applied  to  supply  a  reliable  estimate for  the 
toxicity of isopropylbenzene. 
6.2  Toxicity to mammals 
For benzene, ethylbenzene and isopropylbenzene, the relevant routes for exposure 
of mammals are through oral intake and inhalation. Therefore,  the acute toxicity 
data as presented in Table 6.2.1  are limited mainly to data for oral and inhalation 
exposure. The acute toxicity of the substances is relatively low. 
Information on chronic toxicity is presented in  the following sections. 
6.2.1  Benzene 
Benzene caused slight  to moderate skin  and eye irritation and slight to moderate 
necrosis {ATSDR, 1989). There are indications that benzene causes fetus-toxicity in 
animals at 160 mg/m
3 air, but no teratogenic effects or effects on reproduction are 
found  (Slooff,  1988;  A  TSDR,  1989).  A  tentative  "Tolerable  Daily  Intake"  of 170 
1-1g/kg bodyweight/day was derived by Vermeire et al.  (1991). 
6.2.2  Ethylbenzene 
The toxicity of ethylbenzene was  evaluated by Janssen and Van der Heiden (1987). 
Information on  chronic oral toxicity  is  scant.  In  one study with  rats carried out in 
1956,  ·~  400  mg/kg  body  weight  per  day  (application  5  days  a  week,  during  6 
months) caused effects on liver and spleen. No effects were observed at 136 mg/kg 
body weight (Wolf et al.,  1956  in Janssen and Vander Heiden, 1987). 
Using  a  safety  factor  of  1000  (a  high  factor  was  used  based  on  the  restricted 
number and less  reliable data) a Tolerable Daily Intake (IDI) of 136  1-Lg/kg  body 
weight/day was derived by Vermeire et al. {1991). 
A  number  of acute  inhalation  experiments  also  caused  effects  on  the  liver,  the 
lowest  concentration  causing  these  effects  was  1350  mg/m
3
•  No  effects  were 
observed at 218  and 430  mg/m
3  (exposure period 6 h a day, 5 days a week).  Using 
a  safety  factor  of  1000,  a  toxicologically  derived  acceptable  level  in  air  (for 
continuous exposure) of 77  J,Lg/m
3 was derived (Vermeire et al.,  1991 ). 
6.2.3  Isopropylbenzene 
Isopropylbenzene  is  a  CNS  depressant.  In  rats exposed  to 500  mg/kg daily  for  5 
months,  hyperemia  and  congestion  were  noted  in  the  lungs,  liver  and  kidney. 
Repeated gastric  intubation  of 154  mg/kg bodyweight  did  not  affect  rats,  but  at 
1462 mg/kg, the kidney weight increased (Chambon, 1984). 
No new data on the chronic. toxicity of isopropylbenzene were found. - 30-
Table 6.2.1  Acute  toxiCity  of  benzene  (Slooff  et  al.,  1986),  ethyl  benzene  and 
isopropyl benzene (Sax,  1989) 
Route  of  Expo.  Criteria  Result 
Compound  aaninistration  time  (mg/kg) 
test organism 
Benzene 
rat  oral  LDSO  5970 
rat  oral  LDSO  810 
rat  oral  LDSO  5600 
rat  oral  LDSO  3000 
rat  oral  LD50  3300 
rat  oral  LDSO  4900 
rat  oral  LDSO  930 
mouse  oral  LDSO  4700 
rat  inhalation  4 h  LCSO  43,700 
rat  inhalation  7  h  LCSO  31,950 
mouse  inhalation  2  h  LCSO  60,000 
mouse  inhalation  8  h  LCSO  15,000 
ethyl  benzene 
oral  LDSO  3,500 
rat 
mouse  intraperitoneal  LDSO  2,272. 
guinea  pig,  adult  inhalation  LCLo  10,000. 
hllll8n  inhalation  8  h  TCLo  Eye,Nerv.,Pulm.  100 
rat  inhalation  7 h  TCLo  Repr.  97 
rat  inhalation  7 h  TCLo  Ter.  985 
rat  inhalation  7 h  TCLo  Ter.  96 . 
rat  inhalation  4  h  LCLo  4,000 ... 
mouse  inhalation  2 h  LCLo  50 
rabbit  skin  LDSO  17,800 
isopropyl benzene 
oral 
rat 
LDSO  1,400 . 
rat  inhalation  4  h  LCSO  8, 000  •• 
mouse  inhalation  2 h  LCSO  24,700 
rabbit  skin  LDSO  12,300 
mg/l  Repr.  = reproduction effects 
mg/m3  Ter.  = teratogene effects 
g/m3  Eye  = eye  effects 
Nerv.  =  nervous-system effects 
Pulm.  =  pulmonary  system effects 
6.3  Carcinogenicity, mutagenicity and teratogenicity 
The  Dutch  National  Institute  of  Public  Health  and  Environmental  Protection 
(RIVM)  has  evaluated  the  effects  of  benzene,  and  ethylbenzene  for  deriving 
toxicological  criteria  (Vermeire  et  al..  1991 ).  The  most  important  results  are 
summarized below. 
6.3.1  Benzene 
Benzene  is  considered  to  have  genotoxic  properties,  although  there  is  no  clear 
evidence  of  a  direct  reaction  with  DNA.  In  cells  inheritable  chromosomal 
abberations causing neoplastical transformation were shown.  Benzene was found to 
be carcinogenic in  rodents after oral and inhalation exposure. 
Chronic  exposure  of man  to  benzene  in  air  at  concentrations  ~  325  mg/m3  are 
known  to induce leukaemia. mostly  initiated with  non-neoplasmatic effects on  the 
blood forming system. 
Chronic exposure of man to concentrations over  100  mg/m
3  air causes abberations 
of the  hematopoietical system.  Effects  are anaemia. leucopenia  and  thrombocyto-
penia, and in  severe cases aplastic anaemia. - 31  -
Because of its carcinogenic activity in  man it is concluded that the risk assessment 
for  benzene should  be based  on a  non-threshold  approach.  By  means of linearly 
extrapolation  of  reliable  data  it  is  calculated  that  life-time  exposure  through 
inhalation  of  12  flg/m
3  or  oral  administration  of ca.  120  flg  per  day  (100% 
absorption) causes a risk of 1 : 10".  As the working mechanism for the occurrence 
of anaemia in man is unknown, it is assumed that similar concentrations of benzene 
administered via oral and inhalation exposure causes comparable effects. According 
to  the  Dutch  Public  Health  organization  the  linear  model  leads  to  a  strong 
overestimation  of the  real  risk.  They  conclude  that  mean  concentrations  below 
1.200 flg/m3 (ca. 12.000 flg/day intake) do not exceed the risk of 1 : t<r. 
6.3.2  Ethylbenzene and isopropylbenzene 
The  carcinogenity,  mutagenity  and  teratogenity  of  ethylbenzene  and 
isopropylbenzene cannot be evaluated due to a lack of data. - 32-
7  ENVIRONMENTAL IMPACf ASSESSMENT 
7.1  Comparison of exposure and effects 
After  release  into  the  environment  benzene,  ethylbenzene  and  isopropylbenzene 
will  mainly  partition  to  the atmosphere because of their high  volatilization  rate. 
,Few data are available on sorption and bioaccumulation. The chemical degradation 
rate in water will  be low  as a  result of the stability of these structures. However, 
benzene  and  isopropylbenzene are classified  as readily biodegradable.  Therefore, 
biodegradation in the aquatic environment is expected to occur. In the atmosphere 
the substances will degrade rapidly by indirect photolysis with radicals. 
Observed  environmental  concentrations  for  benzene,  ethylbenzene  and 
isopropylbenzene were reported to vary from  3  11g/l  to below  detection limits in 
river water and seawater. Concentrations in the sediment were unknown. 
The  relatively  low  log  Kaw-values  (2.1,  3.2  and  3.8)  do  not  indicate  strong 
bioaccumulative properties. Moreover, experimental data for  benzene showed that 
bioconcentration in fish was lower than predicted on the basis of the lipophility (log 
Kaw).  Yet low  levels  of ethylbenzene were reported in fish  (4  11g/kg  in  the liver) 
and in crab. 
The  toxicity  of these  substances  varies  roughly  between  1  and  200  mg/1.  For 
benzene, this is well below the water solubility, but for ethylbenzene (150 mg/1) and 
isopropylbenzene (50 mg/1), the water solubility is in the same range. 
The lowest  reported concentration without  effect  in  an  acute  test  is  40  mg/1  for 
trout.  However,  effects  were  observed  at  lower  concentrations  in  other  tests; 
therefore available No Observed Effect Concentrations cannot be taken as a  basis 
for deriving water quality criteria. An effective concentration for the most sensitive 
species  was  0.08  mg/1  in  an  embryo  development  test  with  an  echinoderm.  The 
margin  of safety  between  these  toxicity  data  and  the above  mentioned  common 
environmental levels is at least a factor 25. 
7.2  Water quality standard 
For the estimation of a 'safe' level for the environment, an extrapolation factor can 
be applied to the available toxicity data which  accounts for the different sensitivity 
of  other,  non-tested  species  in  the  ecosystem.  Various  approaches  have  been 
proposed to extrapolate from single species toxicity data to a  concentration where 
the aquatic ecosystem  is  not affected  (OECD, 1991). This NOECecosystem  may also 
be called maximal tolerable concentration or MTC. 
The  'modified  US-EPA  method'  can  be  applied  even  if only  one  LC50-value  is 
available.  The  method  applies  an  assessment  factor  of  10  to  account  for  each 
additional  level  of  uncertainty:  ( 1)  from  one  or  several  chronic  values  to  the 
NOECecosystem  , (2}  from  acute LC50-values for at least algae, Daphnia and fish  to a 
chronic NOEC-value,  and (3)  from  only  one acute LC50-value  to a  chronic value. 
Thus, the assessment factors are 10,  100 and 1000, respectively. 
Another approach is to use the variability in  the sensitivity among the various test 
species as a means to calculate a concentration that is expected to be safe for most 
(e.g.  95%) of the species in  the aquatic ecosystem. In other words, a concentration 
is  calculated  that  is  hazardous  for  only  a  small  number  (5%)  of species.  Two 
calculation methods are available, which  differ in their basic assumptions regarding 
the shape of the distribution curve for the species sensitivity. One method assumes 
a log-logistic distribution (AJdenberg and Slob,  1991), whereas the other assumes a 
log-normal distribution (Wagner and L0kke, 1991 ). - 33-
The  results  of  the  two  main  approaches  are  presented  in  Table  7.2.1.  The 
extrapolation  method  based  on  the  difference  in  species  sensitivity  are  very 
sensitive for  extreme values. The inclusion  of a  NOEC of 600  mg/1  for  an  algae 
results in  an unrealistically low MTC for benzene. Therefore the value calculated by 
the  EPA  method  (lowest  NOEC/10;  in  this  case  the  NOEC  is  a  LOEC/2)  is 
preferred as MTC: 0.005 mg/1. 
Table 7.2.1  Maximum tolerable concentrations for benzene 
Extrapolation method  MTC (mg/1) 
Modified EPA  0.004 
Aldenberg and Slob, 1991  0.0008 
Wagner and L0kke, 1991  0.0004  { 
Remarks 
lowest NOEC /  10 
95% protection level, 
(50% confidence,) 
5 test species 
It is  assumed  that the toxicity  of benzene,  ethylbenzene  and  isopropylbenzene is 
related  to their  log  ~w· Therefore the  toxicity  of benzene  is  expected  to be 27 
times  lower  than  the  toxicity  of  ethylbenzene  and  47  times  lower  than 
isopropylbenzene.  However,  the intraspecies variability for benzene is  higher than 
this difference among substances. Therefore it is  proposed to calculate a  MTC for 
benzene and assume that the value is valid for the sum of the three substances. 
Another  safety  factor  should  account  for  the  combined  effects  of  many  other 
xenobiotic chemicals  present in  the environment.  These benzene substitutes and 
many  other  'industrial'  chemicals  are  neutral  substances  that  show  narcosis-type 
toxicity.  The effects of these substances are supposed to be additive (Hermens et 
al.,  1984 ).  The order of magnitude for this safety factor is  unknown at the present 
state of the  art.  One could  suggest  a  safety  factor  of  10  when  not  many  other 
environmental contaminants are expected, but when the environmental load is  high, 
a safety factor of 1000 could be more appropriate. 
The magnitude  of this  safety  factor  is  not  only  a  matter of science  but  political 
considerations  are  involved  as  well.  Therefore  no  safety factor  is  applied  to  the 
MTC to derive a water quality standard for the sum of benzene, ethylbenzene and 
isopropylbenzene of 5  ~g/1 (rounded off).  It should be realized  that the proposed 
water quality standard  does not  take  into  account  that other industrial pollutants 
may be present at the same time. 
This proposed level  is  detectable  by  various  analytical  techniques as  described  in 
chapter 2. 
For benzene the U.S.  has proposed a Maximum Concentration Limit for humans of 
5  ~g/1. Furthermore a health advisory is proposed at 0.1  ~g/1 concerning the risk of 
cancer. For ethylbenzene the U.S.  has proposed Maximum Concentration Limit of 
700  ~g/1 for lifetime exposure. 
Canadian guidelines ( 1987)  for  benzene and ethyl  benzene are 5  ~g/1 and 2.4  ~g/1 
(Joint Research Centre,  1989).  Standards of the USA and Canada are comparable 
with the proposed water quality standards (5  ~g/1). 
However, the standard proposed by  the USA for ethylbenzene of 700  ~g/1 is  more 
than two orders of a magnitude higher. - 34-
In the previous report to EC (Persoone and Vanhaecke, 1982) limit concentrations 
of 200  and  tOO  J.Lg/1  were proposed  to protect freshwater  biota  and the marine 
environment  against  benzene,  respectively.  In  view  of the  recent  approaches  in 
hazard assessment, however, these limits can no longer be maintained. 
When the proposed water quality standard is compared to the environmental levels 
commonly found  in  the riverwater of 0.2  to 3  J.Lg/1  for  benzene and 0.7  to 2.3  for 
ethylbenzene  (see  Chapter  3.1.3)  the  levels  come  close  to  the  proposed  water 
quality standard. 
7.3  Human exposure 
Exposure of man to substances in the aquatic environment may occur through oral 
intake from  (drinking)  water and from  fash,  shellfash  or crayfish.  Other possible 
exposure routes are dermal contact and inhalation. The route of dermal contact is 
relevant  if a  substance  is  lipophilic,  whereas  inhalation  is  important  for  highly 
volatile  substances.  For  the  sake  of simplicity,  intake  by  inhalation  and  dermal 
contact are considered to be negligible in  relation to the oral uptake for benzene, 
ethylbenzene  and  isopropylbenzene.  The  human  exposure  analysis  is  therefore 
exclusively based on oral intake. 
For  the  calculations  the  total  concentration  of  benzene,  ethylbenzene  and 
isopropylbenzene in  the water is  assumed to be at the level of the proposed water 
quality  standard: 5  J.Lg/1.  Assuming a  daily  water consumption  of 2  litre,  the oral 
intake of total benzenes from the water will be 10  J,Lg/day. 
The concentration in fish  is  estimated from the bioconcentration factor (Crrsb/Cw•r 
~ 10)  to be  ~100 J,Lg/kg  fish.  If furthermore a  (relatively high) figure for the daily 
consumption of fish  is assumed to be 100 g,  the oral intake will be s;  10  J,Lg/day. 
The total oral  intake of total  benzenes is  estimated at 20  J,Lg/ day  or for a  60  kg 
person  0.33  Jlg/kg  body  weight/day.  Comparison  with  the  "tentative  acceptable 
daily intake" for benzene of 6.5  J,Lg/kg body weight/day and for ethylbenzene of 136 
J,Lg/kg  body  weight/day  (see  chapter  6.3)  the  margin  of  safety  is  rather  high. 
Therefore  the  risk  of  human  exposure  to  benzene,  ethylbenzene  and 
isopropylbenzene  present  in  aquatic  systems  in  a  concentration  of  5  J.Lg/1  is 
expected to be negligible. - 35-
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APPENDIX 1. 
The calculation  method  for  the  volatilization  standard  half-life  according  to  De 
Bruin ( 1985). 
In the calculation method some assumptions have been made: 
- water flow rate  =  1  m/s 
- air velocity  = 3  m/s 
- water depth  =  1  m 
- temperature  =  10  o C 
The calculation consists of 6 different steps that will be described below: 
1 Henry Constant (H): 
H  =  p/s 
p  = vapour pressure (atm.) 
s  = water solubility (mol/m3) 
H  =  Henry Constant (atm·m3/mol) 
2  dimensionless Henry constant (H'): 
H'  = H/RT 
RT  =  0.024 
3  Liquid-Phase Exchange Constant (k(l)): 
if M  < 65: 
k(l)  =  20v'( 44 /M) 
if M  > 65: 
k(l)  = 4 t.93v'(32/M) 
M  =  molecular weight 
4  Gas-Phase Exchange Constant (k(g)): 
k(g)  =  4550v'(18/M) 
. 5  Overall liquid-phase mass transfer coefficient (K(L)): 
K(L)  = {H' . k(g)  . k(l)} I {H' . k(g)  + k(l)} 
6  Half-life  (t(~)): 
t(Y2)  =  69.3/K(L) 
t(~)  = half-life (hours) E*stern Europe and the USSR 
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'11HE  CHALLENGE OF FREEDOM 
~ 
GILES MERRITT 
The  sparks  of  unrest 
that leapt from Berlin in 
November  1989  to 
Moscow's  Red  Square 
in  August  1991  are 
firing  an  explosion  of 
political  and  economic 
change.  Out  of  the 
ashes of Communism is 
emerging  the  shape  of 
a  vast  new  European 
market-place  stretching 
from the Atlantic to the Pacific. 
In  his  fascinating  account  of 
Europe's  fast-changing  East-West 
relationships,  Giles  Merritt  argues 
that a massive rescue operation must 
be  mounted to ensure the success  of 
these changes. The upheaval of Com-
munism's  collapse  is  'The challenge 
of freedom'. 
Written  with  the  cooperation  and 
support  of the  European  Commis-
sion, this book sets out to identify the 
key  policy  areas  where  a  new  part-
nership  is  being  forged  between  the 
countries  of  Eastern  and  Western 
Europe. It offers a privileged insight 
into the current thinking of European 
256 pp.- Price: ECU 14.30  (excluding  VAT) 
CM-71-91-655-EN-C 
Community officials, poli-
ticians  and  industrial 
leaders,  and  analyses 
the  factors  that  will 
determine  whether  the 
emerging  market  econ-
omies of Eastern Europe 
can  truly  be  absorbed 
into  a  single  European 
economy. 
Immensely readable and 
often disturbing, this important book 
contains  much  up-to-date  and  hith-
erto  unpublished  information  on 
such major East-West problem areas 
as  energy,  environmental  control, 
immigration, trade relations, agricul-
ture and investment. It also examines 
the  arguments  surrounding  a  'Mar-
shall  Plan'  for  Eastern  Europe  that 
would  emulate  the  famous  US  aid 
programme that helped relaunch the 
economies of Western Europe in the 
aftermath of World War II. 
For  anyone  concerned  about  the 
future  of  Eastern  Europe  and  the 
USSR,  whether  from  a  political, 
social  or  economic  standpoint,  this 
book is  essential reading. 
28/06/93 Bulletin 
of the European 
Communities 
The Bulletin of  the European Communities, which is issued 10 times a 
year  (monthly,  except  for  the  January/February  and  July/August 
double issues), is an official reference publication covering all spheres 
of Community activity. 
It is compact, easy to consult (with an index and copious references to 
the Official Journal and to previous issues),  logically  structured (to 
reflect the main fields of Community policy) and wholly reliable. The 
Bulletin is an essential reference tool, describing the passage of Com-
munity legislation through all its stages from presentation of a pro-
posal by the Commission to final enactment by the Council. 
Thanks to its topical commentaries on the month's major events,  it 
provides  the  student  of European integration  and  other interested 
readers with up-to-date and accurate information about the most re-
cent developments in Community policy - the creation of a single 
market,  economic  and  social  integration,  the  Community's  role  in 
international affairs, etc. 
Supplements to the Bulletin are published from time to time, contain-
ing important background material on significant issues  of the day. 
Recent Supplements have covered German unification, the Commis-
sion's  programme for  1992  and  European industrial  policy  for  the 
1990s. 
The  Bulletin  and its  Supplements  are  produced by  the  Secretariat-
General of the Commission, 200 rue de la Loi, B-1 049 Brussels, in the 
nine official languages of  the Community, and can be ordered from the 
Community sales agents. 
28/05/93 INF092 
~2  COMMISSION OF THE EUAOPEAN COMMUNITIES 
National 
Implementing 
Measures 
to give effect to the White Paper 
of tha Commission on the Completion 
of the Internal Market 
Situation at 30 Aprtl1991 
The Communi~  database focusing on the obiectives and the 
social dimension of the single market 
As a  practical guide to the single  market, INF092 contains vital infor-
mation for all those determined to be ready for 1992. 
INF092 is  really a simple market scoreboard, recording the state of play 
on  the  stage-by-stage  progress  of Commission  proposals  up  to  their 
adoption by  the  Council,  summarizing  each  notable  development  and 
placing it in context, and keeping track of the transposition of directives 
into Member States' national legislation. 
Using INF092 is simplicity itself. It can be consulted on-screen by means 
of a wide range of everyday equipment connected to specialized data-relay 
networks. Fast transmission, the virtually instant updating facility (several 
times  a  day,  if necessary)  and  dialogue  procedures  requiring  no  prior 
training make INF092 ideal for the general public as well as for business 
circles. and the professions. 
The system  offers  easy  access  to information  thanks  to  the choice  of 
menus available and to the logical presentation modelled on the structure 
of the White  Paper,  the Social Charter and the decision-making process 
within the institutions. 
Enquiries may also be made to the Commission Offices in the Member 
States or- for small businesses- the Euro-Info Centres now open in all 
regions of the Community. 
Eurobases Helpdesk  {  Tel.:  (32-2) 295 00 03 
Fax:  (32-2) 296 06 24 
28/05/93 Official Journal of the European Communities 
!?  }o~MS~!G2~o!N  FORCE 
and other 1tcts of the Community institutions 
The  Community's  legal  system  is  of direct  concern  to  the 
individual citizen as much as to the Member States themselves. 
Both lawyers and non-lawyers, then, need to be familiar not just 
with national law, but also with Community legislation, which 
is  implemented, applied or interpreted by national law and in 
some cases takes precedence over it. 
To make Community legislation more accessible to the public, 
the  Commission  of the  European  Communities 
publi~hes  a  Directory,  updated  twice  a  year, 
covenng: 
- binding  instruments  of  secondary  legislation 
arising out of the Treaties establishing the three 
Communities  (regulations,  decisions,  directives, 
etc.); 
- other legislation (internal agreements, etc.); 
- agreements between the Communities and non-
member countries. 
Each entry in the Directory gives  the number and 
title of the instrument, together with a reference to 
the Official Journal in which it is to be found. Any 
amending instruments are also indicated, with the 
appropriate references in each case. 
The  legislation  is  Glassified  by  subject  matter. 
Instruments classifiable  in  more  than one  subject 
area appear under each of the headings concerned. 
The  Directory proper (Vol.  I)  is  accompanied by 
1 064 pp. - ECU 83 
ISBN 92-77-77093-7 (Volume I) 
ISBN 92-77-77094-5 (Volume II) 
ISBN 92-77-77095-3 (Volume I and II) 
FX-86-91-001-EN-C 
FX-86-91-002-EN-C 
two  indexes  (Vol.  II),  one  chronological  by 
document number and the other alphabetical by keyword. 
The Directory is available in the nine official languages of the 
Community. 
28/05/93 EUROPEAN 
ECONOMY 
European  Economy  appears  four  times  a 
year, in March, May, July and November. 
It  contains  important  reports  and  com-
munications from  the Commission to the 
Council  and  to  Parliament  on  the 
economic  situation and developments,  as 
well  as  on  the  borrowing  and  lending 
activities of the Community.  In addition, 
European  Economy  presents  reports  and 
· studies on problems concerning economic 
policy. 
Two  supplements  accompany  the  mmn 
periodical: 
- Series  A  - 'Economic  trends'  appears 
monthly except in August and describes 
with  the  aid  of tables  and graphs  the 
most  recent  trends  of industrial  pro-
duction,  consumer  prices,  unemploy-
ment,  the  balance  of trade,  exchange 
rates, and other indicators. This supple-
ment  also  presents  the  Commission 
staffs  macroeconomic  forecasts  and 
Commission  communications  to  the 
Council on economic policy. 
Series  B - 'Business  and  consumer 
survey results' gives the main results of 
opinion  surveys  of  industrial  chief 
executives  (orders,  stocks,  production 
outlook, etc.) and of consumers (econ-
omic  and  financial  situation  and 
outlook,  etc.)  in  the  Community,  and 
other business  cycle  indicators.  It also 
appears monthly, with the exception of 
August. 
Unless  otherwise  indicated,  the  texts  are 
published  under the  responsibility  of the 
Directorate-General  for  Economic  and 
Financial Affairs of the Commission of  the 
European Communities, 200 rue de Ia Loi, 
B-1 049  Brussels,  to which enquiries other 
than  those  related  to  sales  and  sub-
scriptions should be addressed. 
Subscription terms are shown on the back 
cover and the addresses of the sales offices 
are shown on the third page of the cover. 
28/05/93 Success in business 
depends on the decisions you make ... 
which depend on the information you receive 
Make  sure  that your decisions  are  based  on information that is 
accurate and complete! 
In a period of rapid adjustment, with national economies merging 
into a single European economy under the impetus of 1992, reliable 
information on the performance of specialized industry sectors is 
essential to·  suppliers, customers, bankers and policymakers. 
Small and medium-sized enterprises, in particular, need easy access 
to information. 
The market must be defined, measured and recorded. Information 
is  needed  on production  capacities,  bottlenecks,  future  develop-
ments, etc. 
Panorama of EC industry 1991-1992 
Current situation and outlook for 180 sectors 
of manufacturing and service industries 
in the European Community 
1400 PP·*  ECU 110 *ISBN 92-826-3103-6 * C0-60-90-321-EN-C 
28/05/93 OFFICE FOR OFFICIAL PUBLICATIONS OF THE EUROPEAN COMMUNITIES 
2, rue Mercier- L-2985 Luxembourg [Tel. (352) 499 28-1] 
28/05/93 ENERGY 
A CHALLENGE FOR EUROPE AND THE WORLD 
Since  it  first  appeared  in  1985  Energy  in  Europe  has  become  recognized  as  an 
invaluable source of information on both the policy-making and the operational 
aspects  of European  Community  energy  policy.  Subscribers  include  leaders  of 
energy-consuming  and energy-producing  industries  and other decision-makers  in 
the private and public sectors, as well as major consultancies and research institutes 
in and outside the Community. 
In the present situation within the Community, itself at the eve of the single market, 
and vis-a-vis the huge energy problems, as well as the potential, of our neighbours 
in Central and Eastern Europe and in the Commonwealth of Independent States, 
the energy sector is  of the greatest strategic importance. An understanding of it is 
indispensable in many areas of economic activity. It also constitutes a crucial factor 
within a debate of truly global importance, namely the protection of the environ-
ment, including the global warming issue. 
Energy in Europe continues to keep its readers abreast of the ongoing situation as 
regards overall policy, markets, energy planning, and the constant quest for cleaner 
and more efficient energy technology. 
Market trends and perspectives are covered in two regular issues each year, and also 
in a Short-term energy outlook appearing in the first half of the year and an Annual 
energy review  at the end of the year which includes the world energy situation by 
region  including  EC  Member  States,  the  short-term  energy  outlook  for  the 
Community,  and  a  review  of trends  in  main  indicators  over  10  years.  Further 
Special Issues are also produced in connection with major developments or events, 
including international conferences on or relevant to the energy sector. 
Energy in Europe appears in English but each issue also contains translations into 
French, German or Spanish of articles from  the preceding issue. 
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